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This  book  ie  concerned  with  one  of  the  moot 
urgent  problem*  of  scientifically  based  planning 
and  oontrol  of  the  development  of  eoienoe  and 
technology  —  contemporary  methods  of  analysing 
and  forecasting  trends  in  scientific  and  techno¬ 
logical  progress. 

The  materials  for  this  book  are  the  most 
reoent  developments  of  Soviet  and  foreign  students 
of  eoienoe  and  also  on  the  research  carried  out 
by  the  scientific  collective  headed  by  the  author. 

The  book  presents  the  original  theoretical 
conception  of  scientific  and  technological  fore¬ 
casting  and  outlines  forecasting  methods  of  interest 
both  for  practical  planning  works  in  the  field 
of  scientific  and  technological  development,  and 
for  the  projection  of  complex  scientific  and 
technological  objects  required  in  advanced  scientific 
information. 

Similarly,  the  work  is  one  of  the  first  books 
in  the  USSR  which  systematically  outlines  and 
analyses  the  contemporary  state  of  scientific  and 
technical  foreaasting  as  a  complex  problem  in  the 
study  of  eoienoe.  Since  this  problem  ie  of  interest 
for  wide  circles  in  the  scientific  and  technological 
community,  the  book  has  been  written  in  a  form 
intended  for  general  use. 
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"...THE  ECONOMIST  MUST  ALWAYS  LOOK  AHEAD,  IN  THE 
DIRECTION  OP  THE  PROGRESS  OF  TECHNOLOGY;  OTHERWISE 
HE  IS  QUICKLY  LEFT  BEHIND,  SINCE  HE  WHO  WILL  NOT 
LOOK  AHEAD  TURNS  HIS  BACK  ON  HISTORY:  THERE  IS 
NOT  AND  CANNOT  BE  ANY  MIDDLE  ROAD  HERE." 


V.  I.  Lenin, 

Complete  Collected  Works, 
Vol.  5,  pp.  137-138 
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TO  THE  READER 


My  dear  colleague,  you  and  I  are  living  in  the  most  interesting 
epoch  in  the  history  of  science.  Before  the  eyes  of  our  generation 
the  last  of  the  "towers  of  elephant  bones,"  raised  so  diligently  and 
painstakingly  on  the  high  roads  of  science,  have  been  brought  down. 

The  scientist  has  been  transformed  from  a  recluse  in  his  study, 
divorced  from  real  life,  into  the  original  hero  of  our  time  -  ae  a 
person  worthy  of  the  imitation  of  youth  and  of  maturity  as  well. 
Science  solidly  occupies  an  ever  more  determining  place  in  all  spheres 
of  life  of  society;  its  achievements  impinge  directly  on  the  majority 

of  the  people. 

Just  what  has  happened  with  sdience  in  the  last  twenty  years? 
indeed,  in  the  scale  of  its  own  times  the  discoveries  in  science  have 
been  again  and  again  no  less  grandiose. 

The  fact  v.hich  stands  without  historical  precedent  is  the  most 
important  consequence  of  the  contemporary  scientific  and  technological 
revolution  -  the  transformation  of  science  in  an  ever  more  complete 
degree  and  with  expansion  of  the  front  of  the  scientific  disciplines 
into  a  direct  productive  and  social  force  of  society.  The  brilliant 
prediction  by  Karl  Marx  that  science  would  receive  the  "call  to  be 
the  means  for  the  production  of  riches*"  has  come  true. 

Along  with  the  fantastically  growing  rates  of  scientific  and 
technical  progress,  it  has  happened  that  acience,  always  serving  the 


•"Kommunlst ,"  1958,  No.  7,  P<  22. 


FTD-MT-24-358-70 


vi 


future,  has  itaelf  brought  this  future  nearer.  The  changes  and 
consequences  which,  as  a  rule,  earlier  science  left  for  future 
generations  are  now  occurring  within  the  lifetime  and  personal 
responsibility  of  the  direct  creaters  of  scientific  and  technological 
progress. 

"The  future  has  already  begun,"  "tomorrow  -  the  Twenty-First 
Century"  -  these  are  not  merely  winged  phrases,  but  positive  statements 
of  the  characterizing  feature  of  the  contemporary  stage  of  the  history 
of  science  and  technology.  More  than  half  of  the  scientific  and 
technical  knowledge  (discoveries,  inventions,  theories)  which  will 
provide  a  basis  for  the  creaters  of  science  and  technology  at  the 
beginning  of  the  21st  Century  will  be  the  heritage  of  our  generation. 

A  large  portion  of  future  scientists  are  already  living  among  us. 

In  our  time  the  most  important  social  and  economic  conditions  for  the 
development  of  science  and  for  the  utilization  of  the  achievements 
scientific  and  technological  progress  are  being  formulated. 

All  of  this  has  Justified  the  efforts  of  scientists  to  compile 
some  concept  of  the  possible  future  of  science  and  technology,  to 
develop  a  scientifically  based  concept  by  which  we  wish  to  see  this 
future.  Research  on  the  forecasting  of  science  and  technology  -  the 
newest  and  most  important  branch  of  the  contemporary  science  of 
science  (the  'study  of*  science)  —  is  oriented  toward  achievement  of 
such  goals . 

The  Resolution  of  the  Central  Committee  of  the  Communist  Party 
of  the  Soviet  Union  and  the  Council  of  Ministers  of  the  USSR  published 
in  October  of  1968  "On  Measures  for  Increasing  the  Effectiveness  of 
the  Work  of  Scientific  Organizations  and  Accelerating  the  Utilization 
of  the  Achievements  of  Science  and  Technology  in  the  National  Economy" 
placed  the  business  of  forecasting  science  and  technology  in  the 
number  of  most  important  problems  of  the  scientific  development  of 
the  basis  for  controlling  the  development  of  science  and  technology. 

"It  is  recognized  as  necessary,"  it  states  in  the  Resolution,  "with 
regard  to  the  most  important  problems  in  the  development  of  the 
national  economy,  that  scientific  and  technical  forecasting  for  a 
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prolonged  period  (10-15  and  more  years)  must  be  developed  In  the  future. 
...Proceeding  on  the  basis  of  forecasts  of  science  and  technology, 
ministries  and  departments  and  Councils  of  Ministers  of  the  Union 
Republics  will  organize  the  development  of  designs  of  establishments 
and  production  on  a  long-term  basis ,  as  well  as  the  development  of 
models  of  the  machines  and  equipment  of  the  future.  Here  we  have  In 
mind  guaranteeing  the  required  scientific  and  technical  reserve  for 
transition  to  qualitatively  new  technological  processes,  which  will 
make  it  possible  to  increase  the  productivity  of  labor  by  several 
times  as  compared  with  the  present  level.”* 

In  this  book  an  effort  has  been  made  to  generalize  from  single 
methodological  positions  the  uncoordinated  experience  in  development 
of  forecasting  of  science  and  technology.  The  author  desired  to 
examine  a  number  of  actual  problems  in  procedure  and  methodology  of 
scientific  and  technological  forecasting,  to  discuss  certain  experience 
in  forecasting  work  accumulated  in  the  collective  of  students  of 
science  with  which  he  is  working. 

The  work  is  not  intended  to  play  the  role  of  an  instruction  manual 
on  forecasting  of  science  and  technology.  The  author  asks  that  you 
regard  the  generalization  which  he  has  made  of  the  experience  in 
forecasting  and  the  positions  advanced  in  the  book  as  addressed  to  a 
broad  circle  of  colleagues  as  an  invitation  to  Joint  reflection  on 
certain  interesting  and  important  problems  in  the  study  of  science. 

In  the  preparation  of  the  book  the  author  received  the  irreplace¬ 
able  assistance  of  his  comrades,  coworkers,  and  scientists  working  in 
the  Department  of  Complex  Problems  in  the  Realm  of  Science  of  the 
Council  on  the  Study  of  Productive  Forces  of  the  UkrSSRj.  Ukrainian 
Academy  of  Sciences.  It  is  my  pleasant  duty  to  express  to  all  of  them 
my  deep  gratitude. 


Th*  Author 


•"Pravda,"  23  October  1968. 
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CHAPTER  1 


FORECASTING  -  THE  SCIENCE  OF  THE  FUTURE 
1.  A  compass  on  the  path  to  the  future 

Karl  Marx  compared  varloua  concerns  of  science  with  the  ascent 
on  a  rocky  mountain.  This  analogy  Is  profoundly  valid.  And  thus  far 
only  he  reaches  the  shining  summit  of  the  mountain  who,  without 
succumbing  to  fatigue,  clambers  over  Its  stony  slopes.  At  the  same 
time  there  are,  in  this  situation,  essentially  new  landmarks:  the 
fantastically  growing  quantity  of  individual  trails  of  science,  the 
arming  of  these  sciences  with  the  most  powerful  technical  equipment, 
increasing  the  total  velocity  of  movement  of  the  scientific  front. 

In  these  conditions,  as  never  before,  the  problem  of  controlling 
scientific  and  technological  development  has  become  extremely  urgent. 

Have  you  ever  had  to  drive  a  car  over  an  unknown  mountain  road? 

If  the  speed  is  great  and  if  the  vehicle  is  heavily  loaded,  it  is 
impossible  to  guide  it  successfully  without  information  about  the 
section  of  the  road  ahead,  without  a  compass  and  map  in  the  hands  of 
he  who  controls  the  motion.  The  instinct  developed  by  highly 
experienced  guiding  sciences  does  make  it  possible  to  avoid  emergencies, 
but  nonetheless  instances  when  some  branches  of  research  have  "overshot" 
turnings  on  the  road  which  would  provide  the  best  route  to  the  goal 
are  very  common,  as  are  cases  when  not  enough  speed  was  gained 

beforehand  to  begin  the  next  steep  ascent  beginning  in  the  world 
science. 
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In  the  field  of  technical  creation,  no  less  characteristic  is 
the  situation  when  "tight"  spots  are  detected  in  a  newly  constructed 
shop  or  factory,  requiring  reconstruction  of  an  enterprise  which  has 
just  gone  into  operation.  The  reason  for  this  is  the  failure  of  s. 
number  of  vitalized  decisions  to  conform  to  new  techniques  and 
technology  appearing  after  the  10-12  (and  sometimes  more)  years  which 
separate  the  design  stage  from  the  completion  of  construction  of  a 
large  conte.nporary  enterprise. 

The  availability  of  information  on  future  requirements  and  the 
possible  results  and  consequences  of  controlling  actions  is  a  necessary 
prerequisite  for  optimum  control  of  any  system.  For  this  very  reason 
an  element  that  each  and  every  type  of  useful  human  activity  is  more 
or  les3  developed  foresight  of  the  results  of  actions  which  are 
undertaken.  "...The  poorest  architect,"  remarked  K.  Marx,  "is 
distinguished  from  the  very  best  bee  by  the  fact  that  before  building 
a  cell  out  of  wax,  he  has  already  constructed  it  in  his  head."# 

By  its  nature  the  prognostic  function  is  inherent  to  the 
scientific  systems  of  knowledge.  However,  we  must  immediately  note 
that  in  the  many  years  of  experience  of  realization  of  science  this 
one  of  its  functions  relates  almost  exclusively  to  the  objects  of 
scientific  study.  As  regards  for  seeing  the  future,  science  itself 
and,  in  particular,  the  organizational  forms  of  its  life  activity  this 
type  of  forecasting  has  been  possible  only  on  the  basis  of  the 
scientific  approach  to  the  study  of  science  itself  and  of  scientific 
research  activity.  Scientific  and  technological  forecasting  is  one 
of  the  most  important  divisions  of  the  contemporary  study  of  science, 
creating  the  theoretical  principles  for  control  of  scientific  and 
technological  progress. 

The  creaters  of  scientific  and  technical  progress  from  all  times 
and  all  peoples  have  left  us  the  richest  collection  of  brilliant 
guesses  and  sagacious  predictions  of  the  paths  of  development  of 
science  and  technology  [1]. 

*K.  Marx  and  F.  Engels.  Writings,  Vol.  23,  p.  189. 
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History  contains  many  examples  of  brilliant  predictions  by 
leading  thinkers  and  innovators  of  technology  from  all  times  and 
nations.  Thus,  even  in  the  conditions  of  the  feudal  structure, 
gazing  more  than  six  centuries  ahead,  the  English  scholar  Roger 
Bacon  predicted  the  appearance  and  widespread  use  in  the  future  of 
such  types  of  technology  as  self-propelled  transport  for  movement  on 
land,  on  water,  and  in  the  air. 

The  genius  of  the  great  Italian  scientist,  engineer,  and  artist 
Leonardo  da  Vinci  anticipated  the  idea  of  oscillatory  motion  as  the 
basis  for  the  explanation  of  the  nature  of  light,  sound,  heat,  and 
magnetic  phenomena.  He  also  made  sketches  of  plans  for  textile  and 
screw-cutting  machines,  printing  devices,  submarines,  and  heavler- 
than-air  craft  which  appeared  to  many  of  his  contemporaries  as  baseless 
fantasies. 

In  the  middle  of  the  Eighteenth  Century  the  great  Lomonosov 
predicted  that  in  the  future  "chemistry  and  electricity  will  provide 
enviable  service  to  humanity."  The  era  of  technological  application 
of  electricity  in  industry  was  also  foreseen  in  the  1840's  by  the 
English  physicist  Michael  Faraday  and  the  remarkable  Russian  scientist 
Boris  Semenovich  Yakobl. 

Modern  space  rockets  and  the  jet  engines  designed  for  so  many 
purposes  personify  the  development  of  the  ideas  of  the  Newton  reaction 
engine  and  the  brilliant  projects  of  our  Russian  K.  E.  Tsiolkovskiy . 


The  mind  of  D.  I.  Mendeleyev  -  the  creater  of  the  natural  basis 
of  the  contemporary  structure  of  chemistry  -  predicted  titanium  in 
the  1860's  on  the  basis  of  the  periodic  law  which  he  discovered  for 
the  properties  of  a  number  of  chemical  elements  unknown  at  that  time. 
More  than  fifty  chemical  elements  discovered  in  the  century  which  has 
passed  since  the  composition  of  the  Mendeleyev  table  confirmed  in 
every  instance  its  brilliant  insight. 

f 

One  of  the  pioneers  of  highly  technical  education  in  our  country, 
the  great  scientist-mechanician  Professor  V.  L.  Klrpichev,  wrote  at  the 
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beginning  of  the  present  century  In  his  salute  addressed  to  one  of 
the  first  publications  of  the  Kiev  Poltechnic  Institute,  of  his 
profound  conviction  that  the  Twentieth  Century  would  see  people 
"explore  the  great  forests,  cultivate  extensive  fields  and  meadows 
in  the  desert,  complete  a  net  of  railways  and  canals.  ...They  would 
cover  Russia  with  numerous  factories  and  plants  which  would  mass- 
produce  a  variety  of  products  of  the  highest  quality  and  cheap  besides,  • 
so  that  they  could  be  used  by  all;  that  these  factories  would  contain 
prefected,  obedient  machines,  and  that  the  finest  of  working  conditions 
would  be  found  there:  clean,  fresh  air,  clean  working  areas,  complete 
absence  of  danger  from  the  machines,  and  a  short  working  day"  [2]. 

Another  leading  figure  of  Russian  sqience,  Academician  V.  I. 
Vernadskiy,  was  one  of  the  first  to  foresee  the  consequences  of 
the  penetration  into  the  mysteries  of  the  atom  which  was  beginning  in 
his  time.  He  stated  in  the  year  1910:  "A  source  of  energy  is 
opening  to  us  before  which  the  power  and  significance  of  steam, 
electricity,  and  of  chemical  explosives  pale  into  significance.  We, 
the  children  of  the  Nineteenth  Century,  followed  step  by  step  the 
power  of  steam  and  electricity;  we  know  how  deeply  they  have  changed 
and  are  changing  the  entire  social  structure  of  human  society  -  and 
more  than  that  —  how  deeply  they  have  changed  the  smaller  everyday 
situation  of  the  individual....  And  now  in  the  phenomena  of  radio¬ 
activity  there  is  opening  before  us  a  source  of  atomic  energy, 
millions  of  times  exceeding  all  sources  of  power  which  the  human 
imagination  has  ever  drawn." 

Subsequently,  developing  his  thoughts  on  the  future  use  of 
atomic  energy,  Vernadskiy  added:  “This  may  happen  in  the  near  future; 
it  may  happen  after  a  century.  What  is  oiear~ls  that  this  will  be." 

Will  mankind  be  able  to  utilize  this  force,  to  direct  it  toward  good, 
and  not  towards  self-destruction?  Scientists  must  not  close  their 
eyes  to  the  possible  consequences  of  their  scientific  work,  the 
consequences  of  scientific  progress.  They  must  regard  themselves  as  , 
responsible  for  the  consequences  of  their  discoveries.  They  must  connect 
their  work  with  the  better  organization  of  all  of  humanity"  [3]. 
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To  fully  comprehend  the  deep  wisdom  of  this  prediction  by 
V.  I.  Vernadskiy,  we  should  remember  that  he  first  stated  it  at  the 
same  time  in  history  when  one  of  the  creaters  of  the  science  of 
radioactivity  and  the  structure  of  the  atom,  the  great  English 
physici-  Rutherford,  asserted  that  discoveries  in  this  region  "have 
no  practical  value,  but  only  scientific"  [14] . 

Forecasts  of  scientific  and  technological  progress  —  this  is  a 
very  complex  and  critical  matter.  It  requires  not  only  deep 
penetration  into  the  essence  and  laws  of  the  development  of  science 
and  technology ,  but  also  a  clear  understanding  of  their  interplay 
with  the  social  forces  of  human  life. 

It  was  not  by  accident  that  the  ideologists  of  the  bourgeoisie 
sketched  quite  gloomy  pictures  of  the  future  of  humanity  in  connection 
with  the  progress  of  science  and  technology  in  their  predictions  of 
the  Twentieth  Century.  Analyzing  the  development  of  society,  the 
American  socialists  of  the  past  century,  the  brothers  Brooks  and 
Henry  Adams  applied  the  laws  of  biology,  physics  and  mechanics, 
formulating  the  so-called  "law  of  civilization  and  decline."  On  the 
basis  of  this  law  they  presented  the  following  "periodization"  of  the 
development  of  society:  the  first,  "mechanical  phase"  -  300  years 
(1600-1900);  the  second,  "electrical  phase,"  would  by  their  calcula¬ 
tions  equal  /360  years,  i.e.,  17.5  years  and,  finally,  the  last 
"ephemeral  phase"  would  comprise  /I73  years,  i.e.,  somewhat  more  than 
four  years,  while  in  1921  "the  mind  will  achieve  the  limits  of  its 
capabilities."  A  general  decline  and  destruction  of  civilization 
would  3et  in  [5]. 

In  a  book  published  in  188*4  in  London  under  the  title  "The  Year 
198*4"  our  present  time  was  also  characterized  as  an  era  of  universal 
"physical  and  spiritual  degradation  of  humanity." 

Such  antiscientific  pessimistic  predictions  reflected  the  deep 
and  organic  fears  of  the  historically  doomed  bourgeois  class  before 
the  real  objective  laws  of  history,  and  also  the  fact  that  scientific 
and  technical  progress  aggravates  the  sharp  class  contradictions 
existing  in  bourgeois  society  as  it  is. 
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In  this  respect  the  notation  made  by  the  well-known  French 
writers ,  the  brothers  Qoncourt,  in  their  diary  in  1870  is  character¬ 
istic:  "They  say  that  Berthelot  predicted  that  thanks  to  the 
physical  and  chemical  sciences,  in  100  years  men  will  learn  what  the 
atom  is  made  of. . .  We  do  not  object  to  this,  but  we  feel  that  when 
this  time  comes  for  science,  God  will  come  down  to  Earth  with  his 
white  beard  and.  Jingling  his  chain  of  keys,  announce  to  humanity  - 
as  it  is  announced  at  five  in  the  morning  in  the  salon  -  'Time  to 
close,  gentlemen!'"  [6], 

To  the  honor  of  thp  outstanding  French  chemist  Berthelot  it  must 
be  noted  that  he  himself  did  not  hold  such  views  of  the  future.  In 
a  remarkable  speech  given  in  189*1  he  said  the  following  about  the 
2000th  year  of  humanity:  "Fuels  will  be  replaced  by  chemical  and 
physical  processes.  Tariffs  and  wars  will  abolished;  aerial  travel, 
using  the  motive  power  of  chemical  substances,  will  have  pronounced 
the  death  sentence  on  these  obsolete  orders. 

"The  problem  of  all  industry  consists  in  finding  a  source  of 
power  which  will  he  lnexhaustable  and  which  can  be  renewed  with  the 
least  possible  expenditure  of  labor.  The  ubo  of  solar  heat  and  the 
heat  included  within  the  Earth  must  be  considered.  Thanks  to 
terrestrial  heat  numerous  chemical  problems  will  be  solved  —  among 
others,  the  greatest  problem  of  chemistry:  the  manufacture  of 
food  by  chemical  methods...  that  which  up  to  now  has  been  produced 
by  plants  will  be  accomplished  by  industry  and  at  that  even  batter, 
than  nature"  [7]. 

In  evaluating  these  first  efforts  at  scientific  and  technological 
forecasting  as  a  whole,  we  should  note  that  today  they  can  be  regarded 
as  nothing  more  than  interesting  and  instructive  factual  material. 

The  predicted  evaluations  had  an  uncoordinated  and  disconnected 
nature.  The  most  Justifiable  of  them  were,  as  a  rule,  based  only  on 
Intuition  and  on  the  creative  imagination  of  the  scientists.  The 
hypotheses  advanced  for  future  scientific  and  technological  progress 
were  weakly  connected  with  the  social  and  economic  conditions  of 
their  realization.  Of  systematic  methods  of  forecasting,  definite 
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statements  could  be  made  only  regarding  the  methods  of  direct 
extrapolation  and  historical  analogy.  At  the  same  time  there  was  no 
deficiency  of  what,  bluntly,  were  not  scientific  approaches,  but 
approached  openly  speculative  "fortune-telling." 

Karl  Marx  and  Friedrick  Engels  gave  a  truely  scientific  explana¬ 
tion  of  the  deep  contradictions  and  moving  forces  of  the  development 
of  science  and  technology  for  the  first  time  in  human  history. 

Marxism  not  only  revealed  the  original  causes  of  this  phenomenon, 
but  it  showed  a  method  for  constructing  a  society  in  which  the 
development  of  science  and  technology  would  be  harmonously  combined 
with  the  interests  of  all  mankind. 

This  provided  a  firm  scientific  foundation  for  social  and 
economic  forecasting,  and  also  for  the  unique  methodological  principles 
of  scientific  and  technological  forecasting,  so  closely  connected 
with  them.  It  is  no  accident  that  all  of  the  predictions  of  the 
future  of  science  and  technology  found  in  the  classics  of  Marxism 
have  been  completely  validated  in  our  era. 

In  their  works,  Karl  Marx  and  Friedrick  Engels  predicted  the 
great  future  of  a  number  of  branches  of  technology  born  in  their 
time  -  such,  as  the  first  automatic  machine  systems,  the  practical 
use  of  new  chemical  discoveries,  and  the  specii'ic  features  of 
development  of  electric  power  engineering.  Concerning  the  significance 
the  experiments  by  M.  Despres  in  the  transmission  of  electric  power 
over  a  distance,  Engels  stated  in  1883: 

"...This  discovery  finally  frees  industry  from  almost  all 
limitations  Imposed  by  local  conditions,  making  it  possible  to  use 
even  the  most  distant  hydroelectric  energy,  and  while  initially  it 
will  be  useful  only  for  cities,  in  the  end  it  will  become  the  most 
powerful  lever  for  eliminating  the  contrast  between  city  and  village. 

It  is  completely  clear,  however,  that  thanks  to  this  the  productive 
forces  will  grow  so  much  that  their  control  will  be  less  and  less 
under  the  power  of  the  bourgeoisie"*. 


*K.  Marx  and  F.  Engels.  Writings,  Vol.  35,  p.  371*. 
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The  outstanding  scientist  and  propagandist  of  Marxism,  August 
Bebel,  wrote  on  the  threshold  of  the  Twentieth  Century  in  his 
brilliant  work  "The  Future  Society"*  "Electricity  will  achieve  its 
greatest  use  and  broadest  application  only  with  a  socialist  system  of 
society"  [7]. 

A.  Bebel  predicted  the  broad  use  in  power  networks  of  waterfalls, 
ocean  tides,  wind  power,  and,  in  particular,  solar  energy.  He  dreamed 

of  the  future  of  aviation,  serving  ffto^ increase  the  productive - 

forces  of  society,"  of  the  wireless  telegraph,  of  the  mechanization 

of  heavy  and  laborious  york,t  and  about  the  progress  of  chemical 
technology. 

The  leader  of  the  revolutionary  proletariat  of  Russia,  Vladimir 
Il'ich  Lenin,  attentively  traced\  the  course  of  the  development  of 
science  and  technology  in  his  time,  deeply  analyzed  the  significance 
of  the  new  discoveries  in  the  field  of  natural  science,  and  noted 
the  great  future  of  many  technical  projects  and  Innovations.  Among 
these  were  the  electrification  of  factories,  railroads,  and  agriculture, 
progressive  trends  in  metallurgy  and  metalworking,  mechanization  and 
automation  of  coal  production,  and  much  more. 

Sclent is ts-Marxlsts  correctly  connected  the  possibility  of  broad 
use  of  the  promises  of  scientific  and  technological  progress  opening 
on  the  threshold  of  the  TwesSisth  CenturyTin^the' int crests  of  all  the 
people  with  the  future  victory  of  the  socialist  system  of  society. 

The  formation  of  scientific  and  technological  forecasting  entered 
Into  a  qualitatively  new  stage  with  the  appearance  and  activation  of 
the  concept  of  planned  development  of  science  and  technology, 
controlled  by  the  state.  The  chroniclers  of  scientific  and  technolog¬ 
ical  progress  of  humanity  have  yet  to  completely  evaluate  the  world¬ 
wide  historical  significance  of  the  fact  that  half  a  century  ago, 
under  exceptionally  difficult  economic  conditions,  with  the  absence 
of  any  external  assistance,  in  a  complex  and  'unfavorable  IntegRatllfeml 
situation,  the  Soviet  Union  began  its  travel  along  the  path  of 
progress,  basing  its  scientific  and  technical  policies  on  the  Lenin 
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condept  of  a  planned  harmonious  development  of  all  branches  of 
science  and  technology,  under  the  control  of  a  socialist  government. 

This  exclusively  progressive  principle  has  successfully  withstood 
the  test  of  history.  The  experience  of  its  realization  rendered  a 
decisive  Influence  on  the  transition  occurring  everywhere  in  the 
present  world  (in  significantly  different  social  forms)  to  planned 
development  of  science  and  technology  with  participation  of  the 
government. 

It  is  characteristic  and  in  its  way  natural,  that  the  first  state 
plan  to  be  upfolded  for  scientific  and  technical  development  in  our 
country  —  the  GOELRO  plan  —  was  based  on  a  complex  predictive 
hypothesis  developed  by  a  group  of  specialists  under  the  leadership 
and  with  the  personal  participation  of  Vladimir  Il'ich  Lenin.  It 
included  the  following  estimates:  resources  and  requirements  of  the 
country,  trends  in  world  scientific  and  technological  process,  social 
and  economic  factors,  and  the  consequences  of  realization  of 
electrification  in  a  nation  which  was  building  communism. 

The  whole  subsequent  fate  of  forecasting  science  and  technology 
was  most  directly  conditioned  by  the  character  and  depth  of  its 
connection  with  the  practice  of  planning  scientific  and  technical 
development,  in  particular  long-range  planning. 

Analyzing  data  on  the  fates  of  predictions  of  scientific  and 
technological  development  in  the  capitalist  countries,  foreign 
scientists  also  arrive  at  very  symptomatic  conclusions.  Thus,  for 
example,  in  a  work  by  the  well-known  English  scientist  S.  Lilly, 
published  in  1962  under  the  title  "Can  Forecasting  Become  a  Science?" 
[8],  the  following  interesting  data  are  presented  (in  *)  with  respect 
to  the  reality  of  predictions  of  scientific  and  technological 
progress  advanced  at  the  beginning  of  the  present  century  (Table  1). 

According  to  this  evaluation,  the  average  level  of  reality  of 
early  predictions  in  our  century  comprised  approximately  80 Jt .  Such 
a  degree  of  reality  is  quite  high  for  scientifically  based  fantasy 
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and,  in  his  opinion,  is  completely  insufficient  to  permit  regarding 
prediction  as  a  science.  Lilly  setB  the  problem  of  increasing  the 
accuracy  of  predictions  of  scientific  and  technological  progress  to 
95  or  99*. 


Table  1. 


Date  of 
predic¬ 
tions 

Completely 
validated 
(as  of 
19C537) 

Will  prob¬ 
ably  be 
validated 

Proved 

in¬ 

accurate 

Will 
probably 
prove  in¬ 
accurate 

Still 

in 

doubt 

Calculated 
degree  of 
success  of 
predictions 
(A  +  B  +  0.5  E) 

1906 

46 

24 

21 

— 

9 

74 

1915 

28 

48 

— 

— 

24 

88 

1920 

38 

29 

8 

3 

22 

78 

After  analyzing  the  basic  factors  connected  with  this  problem, 

Lilly  draws  the  following  conclusion,  in  our  view  completely  accurate! 
"Technological  forecasting  should  be  an  important  element  to  assist 
in  planning  the  future....  At  the  same  it  is  a  fact  that  planning 
alone  can  make  this  forecasting  itself  more  practical." 

In  accordance  with  contemporary  presentations,  the  forecasting 
of  the  development  of  any  object  is  regarded  as  specifically  deduced 
information  about  the  future.  The  content  and  degree  of  validity  of 
such  forecasting  information  is  determined  by  the  following:  historical 
experience  accumulated  by  humanity;  the  requirements,  knowledge,  and 
conditions  existing  at  the  contemporary  stage  of  development;  and  the 
possibilities  whose  realization  depends  on  future  generations.  The 
development  of  the  problem  of  forecasting  has  a  scientific  character 
only  in  the  case  when  its  theoretical  structures  are  based  on  specific 
trends  revealed  by  the  creators  of  scientific  and  technological 
progress  —  economists,  socialists,  and  students  of  science  —  and  in 
the  optimum  case,  on  actual  laws  of  development,  if  moreover  it  is 
dictated  by  the  real  requirements  of  society  and  takes  into  account 
the  objective  possibilities  of  scientific  and  technological  progress 
for  the  given  specific  social  conditions. 
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The  general  logical  diagram  for  the  development  of  forecasting 
conclusions  can  be  presented  03  follows: 

(Z  V  G  VP)  *  p, 

where  Z  Is  the  totality  of  presentations  on  the  laws  and  trends  in 
development  of  the  object,  of  foreeastingj  Q  is  the  totality  of 
scientific  hypotheses  and  specific  ideas  with  respect  to  the  future 
possibilities  for  development  of  the  object,  and  its  varied  connections 
P  the  totality  of  presentations  on  factors  determining  the  need  for 
development  of  the  object  and  on  conditions  which  will  stimulate  or 
impede  its  development;  and  P  shows  the  forecasting  conclusions  and 
assumptions  implied  by  the  indicated  logical  prerequisites. 

In  our  country  the  scientific  direction  which  is  developing  the 
general  logical  and  procedural  principles  of  forecasting  and 

generalizing  the  laws  of  the  process  of.  developing  predictions  is 
called  prognostics*  [9]. 


The  methodological  framework  of  Soviet  forecasting  is  made  up  of 
the  scientific  categories  of  materialistic  dialectics  and,  primarily 
by  the  principles  of  objectivity  and  regularity  of  development,  the. ’ 
principles  that  the  real  world  can  be  known  and  is  inexhaustible. 


Forecasting  is  the  theoretical  basis  of  the  scientific  study  of 
the  future.  Its  basic  concept  is,  naturally,  the  concept  of  the 
prediction  of  statements  or  conclusions  [10].  Proceeding  on  the  basis 
0  the  principles  outlined  above,  we  regard  it  as  advisable  to 
formulate  a  more  general  definition  of  forecasting  in  the  following 
wording.  A  forecast  is  an  argumentative  assertion  regarding  the 
future  state  of  an  object  and  its  intermediate  connections  which  was 
previously  unknown  and  is  not  as  yet  supported  by  direct  observation. 
This  assertion  is  formulated  on  the  basis  of  scientific  theory  as  a 
conclusion  from  the  totality  of  specific  presentations  on  the  laws 
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and  trends  in  development  of  the  object,  hypotheses  and  ideas  with 
respect  to  future  specific  possibilities  of  development,  and  also 
concerning  certain  requirements  and  conditions  of  development  of  the 
object  subject  to  forecasting. 

In  relation  to  a  general  field  of  prediction,  the  forecasting  of 
science  and  technology  is  a  specific  area  of  scientific  research 
finding  its  basis  in  the  theories  formulated  from  the  study  of  science 
itself. 

Experience  in  contemporary  scientific  and  technological  forecast¬ 
ing  permits  us  to  formulate  the  following  definition:  scientific  and 
technological  forecasting  is  the  probability  evaluation  of  the 
possible  paths  and  results  of  the  development  of  science  and  technology, 
and  also  the  resources  and  organisational  measures  required  for  their 
achievement  [11], 

Contemporary  scientific  forecasting  is  expanding  the  region  of 
its  applications,  replenishing  and  Innovating  the  arsenal  of  methods 
of  forecasting  future  science  and  technology.  Forecasting  1b  taking 
on  the  character  of  systematic  analysis  of  trends  and  refinements  of 
evaluations  of  perspectives.  Forecasters,  working  from  known 
objective  laws,  trends,  requirements,  and  conditions  for  the  develop¬ 
ment  of  science  and  technology  are  striving  to  formulate  the  possible 
alternatives  of  this  development  ^nd  to  provide  a  basis  for  selecting 
its  future  path.  Here  forecasting  is  the  more  successful,  the  more 
organically  it  is  connected  with  planning  of  scientific,  technological, 
social,  and  economic  development. 

A  generalizing  feature  of  contemporary  forecasting  is  itB  system 
character,  taking  into  account  both  the  changing  nature  of  scientific 
and  technical  innovation  (the  variety  of  connections  and  the  scale  of 
consequences)  and  also  the  rapidly  renewed  initial  requirements, 
stimuli,  and  conditions  for  development  of  science  and  technology. 

At  the  same  time  it  should  be  noted  that  scientific  forecasting 
is  still  in  the  formulation  stage.  There  is  an  active  process  of 
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improving  forecasting  methods.  Criteria  and  evaluation  parameters 
are  subject  to  checking  in  real  life.  Development  is  underway  of 
methodological  problems  of  forecasting  in  order  to  simplify  the 
theoretical  principles  and  to  increase  the  practical  effectiveness  or 
forecasting  science  and  technology*. 

2.  A  struggle  with  the  future 
or  a  struggle  for  the  future? 


The  question  formulated  in  the  heading  above  is  by  no  means 
rhetorical  and  the  answer  is  not  self-evident.  A  number  of  Important 
methodological  problems  of  contemporary  forecasting  touch  upon  this 
problem. 

In  the  practice  of  forecasting  the  flow  of  bourgeois  predictions 
is  an  old  feature;  it  is  sharply  stained  with  the  spirit  of  fatalism 
and  permeated  with  the  idea  of  the  weakness  of  man  and  society  in  the 
face  of  Increasing  complexity  of  development  trends.  One  example  of 
predictions  of  this  type  (the  prediction  of  the  Adamses)  we  discussed 
in  the  previous  section.  Also  known  are  plans  to  close  the  Ural 
Bureau  of  Patents  -  plans  developed  at  the  beginning  of  our  century  - 
on  the  basis  of  the  forecast  which  indicated  that  all  of  the  Important 
inventions  had  already  been  made  [ill]. 

In  our  time  predictions  in  a  similar  spirit  are  being  formulated 
on  the  basis  of  data  about  the  reduction  in  the  number  of  newly 
released  medical  preparations,  the  reduction  in  the  number  of  patent 
applications  with  respect  to  the  number  of  scientists  and  engineers, 
and  in  particular ,  in  consideration  on  the  thousands  of  dollars  of 
appropriations  allocated  to  research  and  development  [14].  "Having 
discarded  the  theological  concept  of  a  divine  order,  we  are  prepared 
to  accept  a  different  type  of  fatalism  -  the  totality  of  trends," 
wrote  Professor  Francois  Atman  with  regard  to  an  American  forecast 
for  the  year  2000.  "This  new  fatalism  must  have  the  same  oppressive 
effect  on  the  human  spirit,  leaving  almost  no  possibility  of  escape. 


*3ee,  for  example,  works  published  in  1967  [12,  13]. 
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especially  3ince  the  developed  trends  are  fortified  by  statistics  and 
by  complex  calculations  which  are  regarded  as  purely  scientific"  [153. 

The  French  scientist  0.  Lascault  summed  up  these  modes  in  1966  in  the 
article  "Dangerous  Future"  in  the  following  words:  "But  dreams  about 
our  society  lead  to  disorder,  desperation,  and  tyranny ,  or  at  least  to 
ruin  of  our  planning"  [16]. 

The  American  theoretician  of  strategic  exploration  and  forecasting, 
V.  Platt,  arrives  at  the  same  positions  from  another  direction. 

Analyzing  the  important  question  of  the  factors  which  hamper  forecasting, 
he  writes:  "Such  factors  include  revolution,  floods,  hurricanes, 
poor  harvests,  new  achievements  in  the  use  of  atomic  energy  and  guided 
missiles,  anticolonialism,  inflation.,..  Here  the  future  emerges  as 
our  active  enemy"  [173. 

Soviet  forecasting  stands  on  position's'  which  differ  in  principle 
with  respect  to  the  future.  Scientifically  based  forecasts  serve,  in 
our  opinion,  to  disclose  and  objectively  evaluate  real  prospects  and 
possibilities  of  development.  If  development  trends  emerging  in  the 
course  of  accomplishment  of  plans  or  evaluated  by  forecasts  are 
recognized  as  unsuitable  for  a  scientifically  controlled  society,  the 
decision  to  alter  these  trends  is  exactly  as  valid  as  the  decision  to 
select  one  of  the  possible  alternatives  of  the  predicted  development. 

Resting  upon  a  unified  state  scientific  and  technical  policy  and 
utilizing  the  advantages  of  planned  development.  Socialist  society 
undertakes  all  measures  necessary  for  achievement  of  the  most 
promising  goals.  Under  these  conditions  the  future  is  not  regarded 
by  us  as  an  enemy,  but  as  a  true  and  reliable  ally. 

In  moving  to  long-range  forecasts,  researchers  encounter  the 
problem  of  the  so-called  "general  limit  of  science."  In  our  opinion, 

If  we  do  not  consider  such  an  alternative  as  global  nuclear-hydrogen 
war  (we  are  firmly  convinced  that  it  can  and  will  be  avoided!),  then 
in  a  search  for  an  answer  to  the  stated  question  we  should  turn  to 
examination  of  the  influence  of  the  future  fate  of  scientific  progress 
of  three  basic  groups  of  factors: 
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a)  the  social  conditions  of  development  and  the  character  of 
utilization  of  the  results  of  scientific  and  technological  progress; 

b)  the  question  of  the  limits  of  development  of  certain  branches 
of  science  and  technology  imposed  by  nature  (resources,  requirements, 
capabilities) ; 

c)  internal  contradictions  in  the  development  of  science; 

Social  conditions  render  an  exceptionally  important  influence  on 
the  tempo,  direction,  and  character  of  scientific  and  technological 
process.  Acute  social  contradictions  accompanying  scientific  and 
technical  progress  in  the  capitalist  countries  have  an  unquestionably 
negative  effect  on  the  tempo  and  nature  of  the  development  of  science 
This  may  appear  in  the  future  as  a  slowing  of  scientific  and  technol¬ 
ogical  progress  in  certain  countries  and  thus  render  a  certain  in¬ 
hibiting  effect  on  the  general  course  of  the  development  of  world 
science.  However,  the  rapid  development  of  science  and  technology 
in  countries  with  planned  management  of  the  economy  -  a  group  which 
includes  an  ever  more  significant  part  of  the  potential  of  scientific 
and  technical  progress  -  provides  a  basis  to  consider  that  the 
existence  of  a  "general  limit  of  science"  is,  for  practical  purposes, 

impossible. 

If  we  speak  of  the  limits  of  development  of  science  Imposed  by 
nature,  it  is  appropriate  to  note  the  following.  Actually,  it  is 
impossible  to  foresee,  for  example,  the  approach  of  a  time  when  the 
level  of  output  of  a  number  of  types  of  mineral  resources  will  not 

grow,  but  will  be  reduced. 

This,  naturally,  will  influence  the  scales  of  the  corresponding 
sciences.  However,  in  place  of  the  mineral  resources  there  will  be 
an  incomparably  greater  introduction  into  practical  useage  of  their 
natural  and  artificial  "substitutes,"  many  of  which  will  turn  out 
to  be  actually  more  effective. 

Limits  imposed  by  nature  (working  from  the  laws  of  climate  and 
the  material  cycle  in  the  biosphere)  are  known  -  for  example,  limits 
on  the  scales  of  using  thermonuclear  reactions  for  purposes  of  power 
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This  will  stimulate  the  solution  even  without  an  acutely  imminent 
problem  of  deeper  and  complex  study  of  the  laws  of  the  planet'  and  the 
biosphere,  leading  to  intensive  use  of  different  sources  of  energy 
which  will  "enter  painlessly  into  the  terrestrial  material  cycle. 

Thus,  while  in  time  there  may  occur  a  damping  of  the  tempos  of 
development  of  individual  branches;  in  scientific  and  technological 
progress  as  a  whole  this  process  will  be  accompanied  by  explosive 
development  of  many  other,  newly  appearing  branches  of  science. 

Now  as  regards  the  internal  contradictions  of  the  development  of 
science,  which  in  the  opinion  of  a  number  of  foreign  theoreticians  are 
capable  of  leading  to  retardation  or  even  "self-extinction"  of 
scientific  progress.  This  is  the  basis,  in  particular,  of  the  so-called 
theory  of  saturation  —  i.e.,  the  saturation  of  sciences  in  proportion 
to  their  development. 

We  shall  not  pause  to  consider  the  very  numerous  works  of 
sociologists  who  are  frightened  by  scientific  and  technological 
progress  and  its  social  consequences  in  a  world  of  class  contradictions, 
and  who  for  this  reason  are  proponents  of  the  substitution  of  an 
idyllic  rural  life  for  progress  In  science  "and  technology  [Bardet, 

18].  We  shall  cite  only  works  which  are  undoubtly  authoritative  in 
the  field  of  compentence  of  the  authors.  The  British  State  Minister 
of  Education  and  Science,  Lord  Bowden,  in  1965  published  two  exhaustive 
articles  considering  the  "limits  of  growth"  of  science  [193.  He 
ascerts  that  the  present  trends  of  rapid  growth  in  science  "must  be 
changed  sharply  and  suddenly." 

Forecasting  the  development  of  science  in  the  future,  Professor 
D.  Price  put  forward  the  proposition  [20,  8]  that  the  law  of 
exponential  development  will  be  operative  for  no  more  than  30  more 
years.  Then,  after  two  more  periods  of  doubling  (in  the  general  case 
also  30  years)  the  curves  which  characterize  the  active  development 
of  science  (Fig.  1)  will  separate  evermore  noticeably  from  the  ideal 
curve  of  "pure  exponential  growth,"  asymptotically  approaching  a 
determined  "saturation  limit." 
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In  nature  a  number  of  phenomena  are  known  which  develop  along 
such  a  "logical  curve."  This  always  happens  when  development  occurs 
in  the  presence  of  specific  logical  limits  and  actual  factors  which 
limit  the  maximum  dimensions  of  an  object.  There  are  also  indices  of 
this  type  in  the  sphere  of  science.  An  example  is  the  growth  in  the 
number  of  scientists,  which  cannot,  naturally,  exceed  the  population 
(or  more  exactly,  some  definite  part  of  it).  In  the  general  case 
development  here  occurs  in  such  a  way  that  the  higher  the  achieved 
level,  the  slower  the  rate  of  growth  of  the  given  index. 

Is  it  possible  that  a  similar  type  of  particular  case  of 
development  can  be  extended  to  science  as  a  whole  and  all  the  more  to 
science  as  a  system  of  knowledge?*  We  shall  turn  to  the  arguments  of 
the  proponents  of  the  saturation  theory. 

Predicted  changes  in  the  nature  of  development  of  science  are 
connected  by  partisans  of  this  theory  exclusively  with  the  so-called 
"internal  repressive  influences."  Among  these  the  most  Important  are: 

1)  the  rapid  growth  in  scientific  information,  which  in  many 
cases  already  exceeds  the  capability  of  human  perception.  The  need 
for  appearance  in  the  future  of  abstracts  of  abstracts,  and  possibly 
even  "abstracts  cubed"; 


•We  shall  note  in  passing  that  in  view  of  the  regularly  accelera¬ 
ting  growth  in  the  level  of  equipment  available  for  the  labor  of  the 
people  of  science,  the  measures  of  their  numbers  accepted  today  are 
incomparable  in  large  time  scales. 
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2)  the  negative  effect  of  the  ever  narrower  specialization  of 
scientific  workers:  "Things  are  reaching  a  point  where  in  the  future 
they  will  know  everything  -  about  nothing"; 

3)  the  need  for  excessive  lengthening  of  periods  of  education  for 
individuals  preparing  to  take  a  place  in  the  leading  ranks  of  science: 
"The  more  able  the  man,  the  longer  he  must  study"; 

4)  reaching  the  limits  of  the  capability  of  the  human  brain  for 
generalization; 

5)  the  "exhaustion"  of  the  possibilities  of  science  itself  &s 
such  in  proportion  to  the  degree  to  which  it  exposes  the  secrets  of 
nature. 

On  the  strength  of  these  considerations  the  authors  of  works 
in  this  vein  express  a  completely  restrained  -*  not  to  say  pessimistic  - 
view  of  the  future  of  scientific  progress.  In  1963  in  his  principal 
work  "Little  Science,  Big  Science,"  V.  Price  wrote:  "Within  the 
lifetime  of  a  single  generation  science  will  have  to  turn  away  from 
the  traditional  exponential  growth  and  approach  a  critical  point, 
marking  its  transition  to  senility"*  [21]. 

A  similar  concept  has  been  formed  under  the  influence  of  actual 
experience  of  the  past.  However,. we  are  convinced  that  the  accomplish¬ 
ments  of  science  in  the  last  decade,  in  particular  those  connected 
with  the  vigorous  development  of  cybernetics,  permit  us  to  recognize 
the  fear  of  a  limit  of  development  of  science  as  a  system  for  producing 
new  knowledge  to  be  groundless,  although  actually  existing  difficulties 
and  problems  are  reflected  in  a  number  of  the  arguments  given  above. 

We  shall  examine  these  in  the  same  order. 

First  of  all,  the  problems  of  the  mechanization  and  automation 
of  many  types  of  scientific  work.  Including  the  search  for  required 
scientific  and  technical  information,  have  now  successfully  moved  out 


•In  his  following  works  the  author  introduced  a  refinement  to  the 
effect  that  such  conclusions  relate  to  the  need  for  radical  change  in 
existing  organization  and  forms  in  which  contemporary  science  is 
developing.  This  is  essential. 
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of  the  experimental  stage.  Also  on  the  current  agenda  are  problems 
of  the  data-loglcal  Bystems  intended  to  assist  the  scientist  in 
processing  the  extensive  volume  of  information  in  the  area  of 
classification  of  information,  determination  of  its  novelty, 
reliability,  essential  importance,  etc. 

Secondly,  the  vigorous  development  occurring  at  present  in  the 
development  of  sciences  standing  at  the  boundaries  of  frequently  very 
remote  and  specialized  disciplines  instills  confidence  that  "narrow, 
compartmentalized"  specialization  is  by  no  means  the  high  road  of 
contemporary  science.  The  more  the  secrets  of  nature  (particularly 
of  living  nature)  are  uncovered,  the  more  closely  interconnected 
various  sciences  become,  and  the  more  that  barriers,  boundaries,  and 
blank  spots  between  them  are  liquidated,  the  more  widespread  will  be 
specialists  with  a  broad  profile. 

Naturally,  in  view  of  the  need  for  profound  development  of 
certain  problems  and  areas  of  science  the  future  will  see  retention 
of  the  need  to  concentrate  forces  on  their  constant  study.  But  the 
radical  changes  in  the  technology  of  obtaining  and  transmitting 
information,  the  existence  of  common  methods  and  approaches  of 
scientific  work,  and  the  widely  accepted  necessity  and  possibility  of 
mutual  enrichment  of  various  sciences  serve  as  important  guarantees 
against  the  "closed  shop"  system  of  specialization  of  scientific 
people. 

Now  specialization  can  be  considered  as  a  typical  misfortune  of 
the  past  (and  also  the  present  and  future)  stage  of  the  development 
of  science,  when  the  volume  of  problems  faced  by  humanity  was 
excessively  great  in  comparison  with  the  physiological  capabilities  of 
the  technically  Inadequately  equipped  human  brain. 

In  our  day  in  connection  with  the  enormous  successes  in 
cybernetics,  electronic  computers,  informational,  measurement,  and 
other  types  of  technology,  we  note  a  trend  of  leading  development  of 
equipment  available  for  the  labor  of  scientific  people.  We  will  note 
that  the  realization  of  these  progressive  trends  once  again  imposes  a 
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requirement  for  significant  improvement  in  the  scientific  organization 
oi  labor  in  contemporary  science. 

Regarding  the  third  point,  we  have  already  set  out  on  the  road 
of  Introducing  basic  changes  in  instructional  procedures,  directed 
toward  improving  its  quality  and  shortening  its  duration.  The  central 

features  of  this  readjustment  of  education  can  be  presented  as 
follows: 

bringing  Instruction  closer  to  the  tad.  of  practice  (m  the 
weed  sens,  or  this  word,  .,e  Include  both  directl,  applied  problems 
and  also  serious  scientific  theoretical  problems); 

maxi  °^d  Practlcal  us®  of  cybernetic  teaching  machines,  which  permits 

e“e"“,.l:““lIZln*  ^  e'1Ueatl°n*1  »”d  If 

a  radical  reexamination  of  the  content  of  courses  presented  to 
he  students,  reducing  a  number  of  them  to  the  form  of  generalized 
reference  material; 

the  formulation  and  Introduction  into  practice  of  the  study  of 
specific  scientific  disciplines,  wholely  directed  toward  providing 
uture  specialists  with  a  correct  understanding  of  the  general  process 
of  the  development  of  science  and  technology,  a  creative  understanding 
of  the  contradictions,  motive  forces,  and  laws  of  scientific  and 
technical  progress  as  a  whole; 

ever  broader  utilization  on  all  stages  of  education  of  methods 
designed  to  inculcate  habits  for  the  independent  obtaining  of  new 
knowledge,  i.e.,  study  by  means  of  algorithms  of  scientific  general¬ 
izations,  and  not  with  information  at  its  lowest  level. 

Regarding  the  fourth  point,  the  requirement  for  reinforcing  the 
n  e  ectual  capabilities  of  the  human  by  means  of  new  technical 
equipment  has  been  realized  by  contemporary  science.  Considerable 
forces  have  been  concentrated  on  solution  of  this  problem,  in  the 

ov^lVoon^r61,8  the  °Perating  Bpeed  of  Electronic  computers  has  grown 
y  10,000  times.  The  creation  of  machines  with  operating  speeds 

of  hundreds  of  thousands  and  even  millions  of  calculations  per 

second  is  on  the  agenda.  It  is  felt  that  a  billion  operations  per 
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second  may  not  be  a  limit  for  automatic  systems  of  the  future.  Along 
with  operating  speed,  the  logical  capabilities  of  the  machines  will 
grow.  The  possibility  of  carrying  out  such  types  of  intellectual  labor 
of  the  scientist  as  proving  complex  theorems,  deriving  formulas, 
construction  of  generalized  theories,  etc.,  on  electronic  computers 
has  been  proved.  Major  attention  is  being  directed  toward  the 
solution  of  problems  of  interfacing  the  human  being  with  the  electronic 


When  speaking  of  the  essentially  unlimited  possibilities  for 
development  of  technical  equipment  for  mental  labor,  at  the  same  time 
we  should  not  forget  the  existence  of  the  huge  resources  for  improving 
the  work  of  the  human  brain  itself.  In  any  case  the  Joint  work  of 
improved  cybernetic  devices  and  well-trained  and  well-equipped  humans 
controlling  them  will  prove  in  the  near  future  a  colossal  Jump  in  the 
growth  of  the  intellectual  forces  of  humanity. 

And*  finally»  the  fifth  point  -  the  exhaustion  of  problems  for 
science,  the  so-called  "scraping  the  bottom  of  the  barrel."  Nature 
is  infinite,  knowable,  and  inexhaustible  -  such  a  scientific  philosophy 
is  a  true  one,  which  can  be  confirmed  by  all  the  historical  experience 
of  human  knowledge. 

Certainly,  as  science  and  technology  progress  as  a  whole, 
individual  branches  of  science  will  significantly  depart  from  ideal 
growth  curves  in  their  own  development.  In  the  future,  as  has  occurred 
not  infrequently  in  the  past,  certain  scientific  disciplines  may 
undergo  periods  of  retarded  development.  This  is  reflected  on  the 

nature  of  the  corresponding  curves.  Certain  of  them  may  go  into  a 
decline. 


We  will  permit  ourselves  to  assert  the  opinion  that  such  fate 
will  be  suffered  first  of  all  by  the  pseudosciences  -  theology, 
astrology,  hypnosis  therapy,  and  so  on  -  whose  functioning  in  a  number 
of  countries  is  an  excessively  prolonged  historical  incident. 

But  what  is  the  meaning  of  a  similar  phenomenon  for  sciences 
which  desire  this  high  designation,  and  how  can  it  be  accomplished? 
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In  our  view  such  a  phenomenon  in  the  course  of  development  of  a 
specific  branch  of  science  attests  at  least  to  one  of  two  circumstances 
either  there  was  a  sudden  maturation  in  the  given  branch  of  knowledge 
for  transition  to  utilization  of  qualitatively  new  methods  and 
scientific  ideas,  or  the  practical  requirements  for  further  accelera¬ 
tion  of  development  of  this  area  of  science  underwent  a  noticeable 
decline. 

In  the  first  case  we  can  predict  that  sooner  or  later  the  new 
methods  and  scientific  and  technological  equipment  required  for  a 
given  science  will  be  found.  New  fruitful  scientific  ideas  will 
appear.  Probably  they  will  be  called  "cardinal,"  "revolutionary,"  or 
even  "brilliant."  Sometimes  the  authors  of  such  ideas  may  turn  out 
to  be  people  far  removed  from  the  traditional  methods  and  views 
governing  the  given  branch  of  science. 

However,  the  main  and  determining  factor  will  be  that  the 
development  of  such  cardinal  scientific  ideas  and  methods  will  go 
further,  the  greater  the  united  creative  labor  of  collectives, 
harmoniously  combining  and  utilizing  the  varied  individual  capabilities 
knowledge,  and  views  of  many  talented  researchers. 

In  the  second  case,  there  will  occur  a  natural  contraction  of 
the  scales  of  operative  branches  of  science  and  of  the  appearance  of 
new  vital  requirements  (both  practical  and  theoretical)  able  to 
revive  it  once  more  and,  as  a  rule,  on  a  new  scientific  and  procedural 
basis  with  respect  to  the  "obsolete"  scientific  discipline. 

In  this  regular  process,  both  at  present ■,  and  in  particular,  in 
the  future,  the  basic  sciences  -  mathematics,  physics,  chemistry, 
biology,  and  physiology,  and  others  -  will  play  more  of  a  "fertilizing" 
role.  It  i3  precisely  these  sciences  which  guarantee  a  general 
accelerated  character  of  development  to  scientific  and  technological 
progress . 


The  general  character  of  scientific  progress  which  is  predicted 
for  the  future  can  be  illustrated  by  the  following  diagram  (Pig.  2), 
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which  has  a  hypothetical  character.  Moreover,  as  yet  we  are  not 
able  to  attach  it  to  qualitatively  determined  coordinates  "time  - 
index  of  scientific  progress."*  However,  for  all  its  obvious 
conditionality,  it  seems  to  us  that  this  diagram  reflects  the  dialectic 
side  of  the  process  of  development  of  the  sciences  in  their  interplay 
with  practical  affairs  and  with  each  other. 

1 


Fig.  2.  Hypothetical  curve 

of  the  general  path  of  scientific 

development. 


3.  Concepts  and  elements  of  the  theory 

of  scientific  and  technological  forecasts 

At  present  various  patterns  of  forecasting  are  known:  resources, 
public  requirements,  industrial  potential,  the  development  of  social 
conditions,  demographic,  complex  forecasts  of  the  development  of 
economics,  a;id  others,  all  having  a  tendency  to  be  aggregated  into 
a  mutually  connected  system  of  presentations. 

Scientific  and  technological  forecasts  touch  directly  on  the 
system  of  forecasts  of  social  and  economic  processes.  They  can,  with 
complete  Justification,  be  treated  as  a  subsystem  of  it,  retaining 
their  own  specific  features  which  ensue  from  the  uniqueness  of  the 


•The  generalized  indices  of  the  development  of  science  used  for 
such  long-range  predictions  will,  obviously,  have  to  be  essentially 
different  from  the  indices  used  during  analysis  of  the  development  of 
science  on  the  contemporary  stage. 
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objects,  purposes,  and  methods  of  forecasting. 


The  close  connection  of  scientific  and  technological  forecasting 
with  economics,  and  through  It  with  sociology,  Is  expressed  not  only 
In  the  use  of  elements  of  social  and  economic  analysis  during 
evaluation  of  the  initial  positions  of  forecasting,  in  the  course  of 
forecasting,  and  during  selection  of  the  resulting  variants,  but  it 
is  reflected  first  of  all  in  the  fact  that  the  scientific  and 
technological  process  to  be  predicted  is  a  determining  factor  of  the 
effectiveness  of  the  process  of  public  production. 

The  essential  differences  of  scientific  and  technological 
forecasting  from  the  prediction  of  economic  development  are  found 
on  the  level  of  the  differences  between  the  concepts  "science  and 
technology"  on  the  one  hand  and  "industry,  agriculture,  medicine, 
etc."  on  the  other.  The  structure  and  relationship  of  the  elements 
which  are  included  in  the  region  of  true  scientific  and  technological 
predictions  are  shown  by  us  (in  accordance  with  the  ideas  of 
V.  0.  Gmoshinskiy)  on  Pig.  3. 

The  typology  of  scientific  and  technological  predictions  is 
completely  representative  [9,  22,  23].  For  example,  it  is  possible 
to  classify  forecasts  of  science  and  technology  according  to  scales, 
level  of  complexity,  lead  time,  by  regions,  etc.  It  is  essential 
here  to  distinguish  the  scientific  forecasting  of  such  mutually 
connected  objects:  the  development  of  science  as  a  system  of  knowledge 
the  development  of  an  organizational  system  of  science;  the  development 
of  technology  —  in  which,  in  turn,  we  single  out  the  level  of 
industrially  mastered  technical  equipment  and  the  level  of  new 
technological  developments  [24], 

Cases  of  the  forecasting  of  scientific  discoveries  represent  a 
very  rare  phenomenon.  Much  more  frequently  scientists  foresee  the 
ripening  of  a  "breakthrough"  on  one  or  another  segment  of  the 
scientific  front;  experience  and  Intuition  permit  them  to  Judge  the 
promise  in  the  interaction  of  various  scientific  areas,  of  their 
cross-fertilizing  by  ideas,  methods,  and  new  capabilities.  These 
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trends  in  the  development  of  science  as  a  ay8tem  of  knowledge. 
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The  second  type  of  scientific  and  technological  prediction  we 
will  call  programmed  prediction  (DR)..  it  proceeds  from  known  public 
needs  trends,  and  laws  of  scientific  and  technological  development, 
and  also  on  the  basis  of  data  obtained  by  MR.  It  is  intended  to 
impart  to  these  data  an  applied  character:  to  formulate  a  program 
of  possible  paths,  measures,  and  conditions  for  achieving  goals  and 
solving  problems  of  the  development  of  science  and  technology, 
ormulating  an  hypothesis  concerning  the  possibilities  of  mutual 
nfluence  of  different  factors  which  are  promising  for  the  given 
conditions  (see  the  direction  of  arrows  on  Pig.  k) ,  HR  (most  often  on 
its  concluding  stage)  strives. to  give  an  evaluation  of  the  hypotheti- 
1  Periods  and  sequence  of  achieving  different  possible  goals.  Thereby 

on  f0™Ulatl0n  °f  ^  -  development  begun 

It  is  appropriate  to  note  that  where  HR  has  as  its  object 
contemplated  Internal  possibilities  of  scientific  and  technological 
development,  RR  deals  mostly  with  problems  arising  because  of 
practica1  requirements  (engineering,  medicine,  agriculture,  etc.)  and 
with  the  consequences  to  be  expected  from  this. 

Thus,  a  forecast  made  up  of  the  prospect  of  development  of 
cybernetics,  trends  in  the  growth  of  operating  speed  of  electronic 
computers,  an  increase  in  the  volume  of  their  storage  and  with 
expansion  of  the  range  of  logical  capabilities  -  this  is  a  typical 
research  forecast,  its  basic  goal  is  to  uncover  the  gamma  of  the 
prospects  which  are  possible  in  principle.  On  the  other  hand,  a 
forecast  which  ranks  along  the  axis  of  future  time  a  series  of 
most  important  expected  events  in  the  progress  of  cybernetias  and 
P  ter  technology,  fixing  the  most  promising  connections  of  this 
process  and  possible  paths  for  its  realization  -  this  is  a  typical 
programmed  forecast.  ^ 


but  noJncJmpletCirideJuJalf?vneaf«in?’  *  P!ifdlcI;10"  of  a  similar 
Jantsch,  22]7  y  1<Jentloal  lB  also  called  "normative"  [Erich 
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An  organisational  foraoaat  (on)  is  based  on  knowledge  and  Ideas 
aoout  the  general  laws  and  trends  of  the  development  of  a  science 
(as  an  organizational  system),  including  the  obtained  kin  and  flfl.  It 
proceeds  from  the  basis  of  presentations  about  the  availability  of 
economic  resources  and  the  accumulation  of  scientific  potential  [25]. 

The  on  is  intended  to  formulate  the  fundamental  hypothesis  of  develop¬ 
ment  of  the  complex  of  organizational  aspects  of  the  science,  to  give 
an  evaluation  of  the  prospects  for  growth  of  the  scientific  potential 
of  the  country  or  of  a  branch  in  the  period  of  the  forecast.* 

r’or  example,  a  characteristic  example  of  on  might  be  the  prediction 
of  the  imminent  changes  in  the  number  and  structure  of  scientific 
cadres,  including  scientists  with  high  qualifications,  scientific 
workers,  engineers,  and  auxiliary  workers  who  will  be  needed  to 
guarantee  successful  development  of  cybernetics  in  the  nejxt  10-15 
year.  Usually  the  most  difficult  and  critical  phse  of  OH  is  evaluation 
of  the  hypothetical  dimensions  of  the  required  financial  support  for 
different  programs  of  research  and  development. 

In  combination  the  three  types  of  forecasts  delineated  above 
mutually  supplement  one  another,  making  available  to  those  responsible 
for  making  decisions  an  especially  valuable  data  ayttam.  We  will 
note,  however,  that  the  measure  of  "controllability"  of  the  path  of 
realizing  the  forecasts,  the  possibilities  for  organizational  and 
economic  factors  to  Influence  them  directly,  and  correspondingly  the 
possibilities  of  predicting  the  path  of  development,  are  essentially 
different.  In  this  respect  on  >  nn  >  W1. 

i°  logically  complete  the  example  developed  above,  we  shall  point  as 
an  illustration  to  the  possibility  of  obtaining  a  complex  forecast 
of  the  electronic  computer  of  the  future.  In  its  time  the  tube 
electronic  computer  of  the  first  generation  was  replaced  by  the  semi¬ 
conductor  electronic  computers  of  the  second  generation.  Regular 


•We  should  note  that  the  absence  in  forecasting  of  clearlv 
separated  predictions  of  this  type  would  significantly  lower  the 
complexity  of  the  forecast  evaluations,  hampering  their  subsequent 
practical  utilization. 
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replacement  of  the  latter  has  now  begun  with  electronic  computers 
which  are  characterized  by  integrated  circuits,  high  operating  speed, 
and  a  number  of  other  important  criteria  and  essentially  new 
properties.  A  scientifically  based  forecast  of  electronic  computers 
of  the  fourth,  and,  partially,  the  fifth  generation  should  give  an 
evaluation  of  the  relative  significance  of  the  different  events 
necessary  for  their  creation,  ideas  about  the  probabilities  of 
completion  of  such  events  in  time,  and  also  a  tentative  evaluation 
of  the  magnitude  and  structure  of  resources  relating  to  this  problem. 

In  a  complex  forecast  of  such  type  an  important  place  is 
occupied  by  argumentation  of  organizational  and  technical  measures: 
the  exclusion  of  a  number  of  intermediate  stages  of  development, 
parallel  realization  of  certain  other  events,  the  use  of  new  capabilities 
of  the  sharply  increased  "intellectual  power"  of  electronic  computers 
(for  example,  combining  of  computers,  the  creation  of  uniform 
computer  systems,  territorial  nets  of  computer  centers,  etc.).  On 
the  basis  of  these  data  it  might  be  possible  to  attempt  to  plan  the 
strategy  of  accelerated  achievement  of  a  higher  level  of  scientific 
and  technological  progress  in  this  important  field. 

Each  scientifically  based  forecast  contains,  as  it  were,  an 
alloy  of  times:  the  past  (development  trends),  the  present  (avail¬ 
ability  of  resources  and  ideas),  and  the  future  (requirements  and 
possibilities).  Depending  upon  which  period  in  the  future  the 
predictions  are  being  made  for,  they  have  different  character  -  they 
differ  significantly  in  reliability  and  are  used  differently  in  the 
practical  matter  of  making  decisions. 

In  scientific  and  technological  forecasting,  it  is  possible  to 
single  out  with  sufficient  clarity  three  technical  intervals  of  lead 
time,  which  we  have  called  [1]  "echelons  of  forecasting."  Forecasts 
of  the  first  echelon  are  usually  calculated  for  a  period  of  up  to 
15-20  years.  With  the  formed  tempos  of  development ,  in  the  indicated 
period  the  following  will  occur:  one-two  doublings  of  the  total 
number  of  published  scientific  works,  doubling  of  the  quantity  of 
technical  equipment  for  production,  termination  of  the  effective  period 
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of  the  majority  of  existing  patents,  etc.  A  very  Important 
circumstance  is  the  fact  that  this  time  interval  will  contain  typical 
and  existing  trends  toward  a  reduction  in  the  period  during  which 
facts,  phenomena,  and  principles  established  by  science  move  from  the 
mental  sciences  into  the  applied  areas  and  from  there  to  developers 
and,  after  experimental  and  industrial  checking,  to  the  stage  of  mass 
production  utilization  of  technical  equipment  based  on  them. 

Another  essential  factor  is  the  circumstance  that  a  new  generation 
of  specialists  will  enter  into  the  front  line  of  scientific  and 
technological  progress  over  this  period  of  time;  at  the  end  of  the 
period  they  will  comprise  an  absolute  majority  with  respect  to  those 
who  were  participants  in  the  work  at  its  beginning.  In  such  a  time 
segment  there  will  have  occurred  in  past  years  two  doublings  of 
the  number  of  scientists  and,  at  least,  three  doublings  of  the  number 
of  engineering  and  technical  workers  (an  increase  in  number  of 
8-10  times). 

Forecasts  of  this  echelon  ordinarily  are  issued  on  the  basis  of 
the  capabilities  for  scientific  and  technological  progress  which  are 
fully  determined  at  the  present  (at  least  theoretically).  They 
include  not  only  qualitative  (content),  but  also,  as  a  rule, 
quantitative  evaluations.  In  a  society  with  planned  control,  these 
forecasts  directly  Join  forecasting  with  the  practice  of  prospective 
planning  (see  Fig.  5). 

Forecasts  of  the  second  echelon  are  calculated  for  a  period  of 
40-45  years  into  the  future.  This  lead  time  is  characterized  by  a 
doubling  of  the  majority  of  concepts,  theories,  and  treatments 
accepted  in  contemporary  science.  During  this  period  there  will  be 
a  doubling  of  world  population  (^35  years)  and  again  complete 
replacement  of  the  generation  of  creaters  of  scientific  and 
technological  progress  (*v>40  years  -  the  evaluated  duration  of  the 
period  of  independent  creative  activity  of  a  human). 


30 


Pig.  5.  Relationship  of  the  range  and  degree 
of  economic  validity  of  scientific  and  technolog¬ 
ical  forecasts  with  different  lead-time  intervals. 

In  forecasts  relating  to  this  period  (the  first  decade  of  the 
21st  Century),  quantitative  evaluations  yield  there  place  ever  more 
frequently  to  qualitative.  The  visible  constraining  limits  of  such 
forecasts  are  frequently  considered  to  be  not  the  economic  capabilities, 
but  ordinarily  only  the  fundamental  laws  and  principles  of  natural 
science  which  are  crystallized  at  the  present  moment.  At  the  same 
time  a  scientist  developing  a  forecast  of  such  range  cannot  limit 
himself  to  presentations  falling  within  his  particular  branch  of 
knowledge  (these  presentations  will  be  essentially  changed),  but  must 
base  his  work  on  a  broader  syBtem  of  scientific  presentations. 


Forecasts  of  the  third  echelon  are  oriented  toward  a  term  of  up 
to  100  years  and  sometimes  even  further  Into  the  future.  As  a  rule, 
such  forecasts  have  a  purely  hypothetical  character.  Realizing  that 
the  creators  of  scientific  and  technological  progress  in  such  a 
distant  future  will  proceed  on  the  basis  of  a  system  of  scientific 
presentations  worked  out  by  them  and  which  is  unknown  to  us  in  many 
of  its  essential  aspects,  the  contemporary  forecaster  in  this  case 
relies  more  on  Weltanschaaung  and  creative  fantasy  than  on  an  orderly 
system  of  presentations  of  natural  science. 
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historical  relativity  of  a  number  of  presently  accepted  positions  of 
science . 


optimum  lead-time  interval. 

Forecasts  always  have  a  hypothetical  character.  In  drawing 
conclusions  about  the  future  on  the  basis  of  analysis  of  information 
on  the  past  and  present,  the  forecaster  cannot  take  into  account  many 
essential  factors  which  will  arise  and  will  influence  the  development 
of  the  predicted  process  in  the  future.  Here  the  long  experience  of 
science  indicates  that  the  more  successful  it  is  in  solving  problems,, 
the  greater  the  quantity  of  new  problems  which  arise  before  the 
researchers . 

In  the  relationship  of  programmed  predictions  there  is  known  a 
statistical  observation,  based  on  American  experience  of  scientific 
and  technological  forecasting  [22],  According  to  these  data,  the 
relative  accuracy  of  fin  as  a  function  of  lead  time  has  such  a  form 
(see  curve  E  on  Fig.  6).  The  characteristic  trough  in  the  curve, 
occurring  in  the  period  of  the  second  15  years  (second  echelon  of 
forecasts)  is  explained  by  the  fact  that  in  the  first  15-year  period 
the  "incubation  period"  of  the  majority  of  initial  scientific  and 
technological  ideas  was  completed;  many  circumstances  and  possibilities 
foreseen  earlier  have  arisen.  The  somewhat  increased  accuracy 
of  the  subsequent  segment  of  the  curve  is  explained  by  the  fact  that 
on  the  more  distant  (^40  years)  perspective  the  forecasters  are 
interested,  as  a  rale,  only  in  scientific  and  technological  problems 
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which  are  directly  connected  with  factors  which  are  operative  over  a 
prolonged  period  -  with  the  utilization  of  resources  and  the  possible 
social  consequences. 

On  this  same  diagram  there  is  plotted  the  curve  of  the  change 
(3)  of  effectiveness  of  decisions  made  in  a  timely  manner  on  the  basis 
of  the  forecast  information  [26].  The  construction  of  the  summary 
(E  +  3)  curve  S  makes  it  possible  to  assume  the  presence  of  two 
optimum  intervals  of  range  for  scientific  and  technological  forecasts. 


Table  2. 


Areas  and  objects  of  forecasting 

Required  depth 
of  forecast 
evaluations, 
years 

Depth 
usually 
achievable , 
years 

Volume  of  accessible  natural  resources..... 

50  and  more 

25-35 

Innovations  and  technical  equipment  with 
strongly  expressed  social  consequences 
(automation,  mass  means  of  communication, 
transport,  city  planning,  etc.) . 

30-50 

5-10 

Nuclear  energy . 

25 

10-12 

Space  programs . 

20-30 

7-10 

Armaments . . 

20-25 

7-10 

The  national  economy . 

20 

5-7 

Mass  and  large-lot  production  of  technical 
equipment  (for  example,  in  electronics, 
chemistry ,  etc . ) . . . 

10-20 

5-7 

Production  of  new  consumer  goods...., . 

5-10 

3-5 

Our  summary  evaluation  of  the  optimum  range  of  lead-time 
intervals,  formulated  on  the  basis  of  all  the  data  examined  above. 

Is  as  follows:  for  specific  forecasts  with  predominance  of  evaluations 
of  applied  scientific  and  technological  decisions,  TQr|T  ■  10-15  years; 
for  more  generalized  forecasts  of  scientific  and  technological 
development  in  connection  with  the  existence  of  natural  resources 
and  with  social  and  demographic  processes,  TonT  -  35-45  years. 
Naturally,  different  areas  and  objects  of  foreeasting  will  require 
a  different  depth  of  prediction.  The  ideas  of  world-wide  forecasting 
[22]  on  this  problem  are  presented  by  us  in  Table  2;  they  include 
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consideration  of  the  latest  data.  Prom  the  information  given  in  this 
table  it  is  evident  that  there  is  a  significant  break  between  the 
required  and  presently  achievable  depth  of  forecasting.  The 
consequence  is  the  urgency  in  modernizing  methods  of  scientific  and 
technological  forecasting. 
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CHAPTER  II 

‘I 

INFORMATIONAL  AND  LOGICAL  PRINCIPLES  OF  FORECASTING 

1.  Prediction  potential: of 

scientific  and  technological  Information 

Science  is  a  world  of  uniqueness.  While  It  is  called  upon  to 
produce  new  knowledge,  science  In  principle  does  not  admit  there 
petitions,  rubber-stamps,  and  rigidly  unified  norms.  All  of  its 
essential  phenomena  are,  as  a  rule,  unique  with  respect  to  scientific 
and  technological  creativity'.  The  words  of  V.  I.  Lenin  are  especially 
valid;  "...old  situations  are  not  repeated  in  their  previous  form"**. 

This  means  that  very  frequently  specific  data  on  the  experience 
of  the  functioning  of  a  science  and  its  results  are  not  comparable. 
Actually,  in  what  scale  would  you  measure  and  compare  the  discovery 
of  the  104th  chemical  element  -  "fcnnchatoviya"  —  and  the  Mossbauer 
effect? 

In  searching  for  characteristics  of  development  which  would  be 
comparable  in  time  and  for  different  branches  of  science  we  arrived 
at  the  conclusion  that  there  is  promise  in  the  approach  to  scientific 
research  activity  as  to  a  unique  information  process.  From  this 
general  informational  point  of  view  science  can  be  regarded  as  a 
complex  dynamic  information  system  created  for  the  collection, 
analysis,  and  processing  of  information  in  order  to  obtain  new 
truths,  new  practical  applications. 


*V.  I.  Lenin.  Complete  collected  works,  Vol.  38,  p.  134. 
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It  Is  widely  known  that  the  volume  and  character  of  information 
collected  by  a  researcher,  the  methods  of  the  analyzing  and  evaluating 
it,  the  forms  and  trends  in  the  utiHzation  of  Information,  and  ~ 

the  degree  to  which  the  flow  of  information  1b  enriched  with  newly 
obtained  data  and  generalizations  —  all  of  these  determine  to  a 
significant  degree  the  level  and  promise  of  any  research.  Of 
particular  importance  and  specific  complexity  is  the  data  base  in 
scientific  exploratory  forecasting  studies. 

The  range  of  the  data  base  for  such  studies  and  developments  is 
exceptionally  broad:  from  preprint  and  claim  regarding  an  invention 
or  discovery  to  the  report  of  the  launohlng  of  a  new  spacecraft.  In 
manuscripts,  printed  works,  abstract  Journals,  patents,  certificates 
of  discovery,  in  the  registration  documents  o f- di ssert a t ions f  s tat 1st i c  s 
on  the  growth  of  scientific  cadres  and  other  such  symbol  systems 
there  is  reflected  and  specifically  materialized  the  living  course 
heuristic  thought;  the  many-sided  experience  of  organization  and 
functioning  of  science  is  reflected  with  various  degrees  of  complete¬ 
ness  and  reliability. 

In  view  of  the  regular  succession  of  stages  of  scientific  and 
technological  progress,  the  thought  of  0.  Leibnitz  always  was  and 
always  will  be  valid  -  "The  present  is  fraught  with  the  future." 

Here  the  future  arises  and  Is  formed  not  as  a  simple  molding  from 
the  past  and  present,  but  as  a  higher  form  of  manifestation  of 
dialectic  tendencies  of  development.  Its  features  can  be  manifested 
only  on  the  basis  of  manifold  and  careful  analysis. 

This  is  why  one  of  the  essential  prerequisites  for  success  In 
forecasting  is  the  selection  of  the  appropriate  data  base. 

Scientific  forecasting  makes  broad  use  of  the  important  fact 
that  the  process  of  scientific  and  technological  development  generates 
a  genetic  succession  between  different  types  of  information  sources. 

The  experience  of  systematic  industrial  utilization  of  specific 
technical  equipment  is  preceded  by  5-7  years  of  work  on  designing  and 
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manufacturing  a  broader  collection  of/ machines.  The  latter,  in  its 
;urn,  lags  3-5  years  behind  invention,  establishment  of  claims, 
patents ,  and  authors"' certificates  of  invention.  In  our  time,  as  a 
rule,  technological  experience  is  preceded  by  experience  in  scientific 
ievelopment  of  problems,  discovery  of  new  properties,  capabilities, 
operating  principles,  etc.  Preceding  the  last  type  of  results  of 
science  there  is  only  scientific  intuition  -  the  totality  of  hypotheses, 
assumptions,  and  guesses  of  the  specialists. 

In  the  process  of  forecasting.  Information  relative  to  each  of 
the  enumerated  types  of  knowledge  is  collected  and  analyzed  in 
connection  with  the  requirements  of  humanity,  society,  nature,  and 
scientific  and  technological  progress  itself  as  foreseen  (and  not 
infrequently  quantitatively  determined)  for  a  greater  or  lesser 
significant  interval.  The  availability  of  such  a  specific  basis  is 
an  important  feature  of  scientific  forecasts,  distinguishing  them 
from  the  groundless  "fortune-telling"  type  of  predictions  on  the 
fate  of  the  future  which  are  also  encountered. 

More  complete  and  creative  utilization  of  past  experience  is 

one  of  the  most  important  prerequisites  for  accelerated  tempos^  of _ 

scientific  and  technological  development.  Any  collection  of  creators 
of  scientific  and  technological  process  at  any  stage  of  its  activity 
will  generate,  accumulate,  transmit,  and  process  flows  of  inform.,  tonal 
materials  reflecting  the  many-sided  experience  of  resolving  problems 
of  scientific  and  technological  development. 

These  materials  are  extremely  broad  in  quantity  and  are  varied 
in  the  content  and  form  of  their  presentation.  In  principle  they 
can  be  used:  a)  as  the  basis  for  analysis  and  comparative  evaluations 
of  contemporary  experience;  b)  as  a  direct  source  of  a  line  of 
reasoning  when  making  decisions  with  respect  to  future  development; 
c)  as  material  for  recreating  historical  trends  and  forecasting 
scientific  and  technological  progress  in  a  given  area. 

In  the  solution  cf  problems  of  this  type  the  data  base  is  by  no 
means  unique  for  the  development  of  Judgements,  but  its  availability 
plays  an  ever  more  important  role. 
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If  we  speak  separately  of  two  real  types  of  utilization  of 
scientific  and  technological  Information,  their  prerequisite  is 
a  generalized  property  of  the  massive  flow  of  scientific  and 
technical  information  -  to  illuminate  the  path  to  the  immediate 
future,  i.e.,  to  possess  one  or  another  lead-time  potential*. 

We  shall  turn  attention  to  the  following  circumstances. 

First.  Each  document,  in  view  of  the  specific  features  of  its 
content  and  the  uniqueness  of  the  fate  befalling  it,  possesses 
individual  properties  with  respect  to  the  future.  There  are  Individual 
documents  for  which  the  value  of  their  contents  has  been  recognized 
or  understood  only  a  decade  after  their  appearance.  Many  documents 
will  carry  information  which  loses  the  indicated  property  within  a 
year  of  appearance.  Therefore  the  concept  of  a  "lead-time  potential" 
is  formulated  as  generalizing  for  the  massive  flow  of  information. 

Seomd.  The  considered  property  depends  on  the  general  tempos 
of  scientific  and  technological  development:  the  higher  the  rate 
of  renewal  of  accepted  methods,  concepts,  and  technological  ideas 
formed  in  a  given  region,  the  more  difficult  it  is  to  ensure  direct 
use  in  the  more  distant  future  of  the  flow  of  informational  materials. 

Third.  Among  the  mass  of  information  on  the  experience  of 
scientific  development,  designing,  and  construction,  experimental 
checking  of  specimens,  testing  of  lot-produced  machines,  industrial 
exploitation  of  technical  equipment,  etc.,  scientific  information 
possesses  the  greatest  lead-time  potential.  It  contains  information 
on  the  experience  of  scientific  research  and  scientific  generalization 
of  the  experience  of  preceding  practice.  The  last  stages  of  scientific 
and  technological  progress  are  usually  found  within  the  limits  of  the 
lead-time  potential,  determined  for  the  given  region  by  its  scientific 
researches . 


*We  developed  this  problem  together  with  L.  P.  Smirnov  and 
Ye.  I.  Levin  [27]. 


* 
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Fourth •  The  concePt  "lead-time  potential"  emerges  as  generalizing 
also  because  it  is  based  upon  the  totality  of  specific  properties  of 
the  flow  of  scientific  and  technical  information.  We  shall  indicate 
eight  such  properties  which  have  essential  significance  for  the 
contextual  analysis  of  massive  flows  of  information. 

1.  In  information  flows  it  is  always  possible  to  note  their 
directivity  (between  objective  areas,  from  one  stage  of  a  process  to 
another,  from  the  work  of  one  author  to  the  works  of  others,  etc.). 

2.  Fxows  of  information  can  be  subjected  to  quantitative 
evaluation  (rate,  acceleration  or  retardation). 

3.  Within  the  flow  it  is  possible  to  single  out  characteristic 
structural  components  (to  note  separately  and  to  compare  information 
on  the  facts  of  the  science,  its  methods  and  its  concepts,  or 

information  of  a  scientific,  industrial,  and  design-constructural 
character,  etc.). 

From  various  types  of  documentary  sources  it  is  possible  to 
form  a  sequence  of  documents  in  accordance  with  the  logical  succession 
of  different  stages  of  heuristic  activity.  For  example:  A+B-c- 
D  E  -*■  F,  where  A  is  the  material  of  systematic  questioning  of  a 
priori  evaluations  and  Judgements  on  the  level  of  intuition;  B  is 
material  from  archives  of  claims  for  Inventions  or  discoveries;  c 
represents  documents  (acts)  relating  to  inventions:  patents  and 
authors'  certificates;  D  represents  data  on  experiments  and  tests; 

E  is  the  outline  of  experience  in  operating  actually  created  technical 
equipment;  and  F  represents  materials  of  generalizing  scientific 
technical  and  economic  evaluation  of  branches,  etc. 

5.  The  selection  of  variants  and  possibilities  from  the  preceding 
links  to  the  following  ones,  produced  in  fcha  course  of  the  creative 
process,  is  reflected  in  each  specific  sequence  of  documents.  From 

this  follows  the  property  of  the  chain  which  can  be  called  lead-time 
redundance:*  | A|  >  |b|  >  |c|  >  |d|  >  |e|  >  |p|. 

redundancy^6""  nam6  f°r  th±S  property’  Proposed  by  M.  K.  Petrov,  is  left 
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6.  In  producing  the  selection  of  variants  and  making  decisions 
on  each  stage  of  the  process,  the  creator's  of  scientific  and 
technological  progress  form  the  probability  model  of  the  following 
several  stages  from  the  elements  of  all  preceding  stages.  Prom  this 
there  follows  the  property:  the  features  and  elements  of  information 
of  any  given  stage  of  a  sequence  of  documents  is  contained  in  explicit 
or  implicit  form  and  to  a  different  degree  in  documents  of  the  series 
of  preceding  links  of  the  information  flow. 


7.  A  logically  ordered  sequence  of  documents  possesses  the 
property  of  natural  ranging  along  the  axis  of  the  real  time  in  which 
the  process  of  scientific  and  technological  development  is  completed. 
Hence  factors,  for  example,  such  as  the  possibility  and  urgency  of 
measuring  "lag”  —  the  distance  between  the  time  of  formulation  of 
various  links  of  the  information  chain  -  become  obvious.  The  most 

,  t 

interesting  of  the  types  of  "lag":  l . 


I 


3  ~  fcP  V  -4_"  ^_E  ”  °P*  "5  ~  bE  "  tB»  fr6 
etc.  -  time  of  dating  the  respective  links  of  the  chain. 


^P' 


fcC  fcB; 


tE  "  V 


”  tP  tC  ’ 


tP  tAJ 


where  tA,  tg. 


8.  The  student  of  science  does  not  deal  with  the  process  in  which 
he  is  interested,  but  only  with  the  reflection  of  this  process  in  the 
array  of  data.  This  causes  the  indirect  (in  principle)  nature  of 
informational  gages,  parameters,  and  indices  of  the  process  of 
scientific  and  technological  development.  The  need  for  constant 
checking  of  the  degree  of  adequacy  of  these  indices  for  the  actual 
process  is  a  consequence  of  practical  importance  of  the  Indicated 
property . 


The  totality  of  named  properties  of  flows  of  information  on 
scientific  and  technological  experience  creates  practical  prerequisites 
for  seeking,  developing,  and  mastering  methods  of  analyzing  trends 
and  forecasting  scientific  and  technological  development  on  the  basis 
of  massive  flows  of  information  containing  the  required  logically 
ordered  sequence  of  doauments.  Special  attention  of  the  scientist 
should  be  drawn  to  the  genetically  "earlier"  data  arrays  which  carry 
the  embryoes  of  future  ideas  and  trends. 


Thus,  for  example,  the  general  multi-year  array  of  claims  to 
inventions  and  discoveries  can,  with  complete  justification,  be 
regarded  as  the  totality  of  data  of  a  unique  systematic  questioning 
of  the  opinions  of  creaters  of  scientific  and  technological  progress. 

The  high  degree  of  interest  of  the  "questioner"  in  the  quality  and 
objectivity  of  the  data,  the  significant  level  of  individualisation 
and  independence  of  Judgement,  the  stable  magnitude  and  representative 
nature  of  the  array  -  all  of  these  qualities  (indepently  of  specific 
Judgement  of  each  individual  claim)  make  information  stores  of  this 
type  exceptionally  valuable  for  subsequent  statistical  analysis. 

Such  stores  clearly  manifest  that  property  of  associations  of 
activity  of  which  F.  Engels  wrote  in  1890,  "that  the  willB  of  individual 
persons,  each  of  whom  wants  whatever  his  physical  constitution  and 
external,  in  the  final  consideration  economic,  circumstances  can  bring 
him  (or  his  Inherent,  personal,  or  social  circumstances);  that  these 
do  not  achieve  that  which  they  want,  but  are  merged  into  Bomet%*n£ 
of  an  average,  to  one  common  uniformly  effective  [will]..."*. 

For  example,  in  the  process  of  a  multiaspect  analysis  on  the 
electronic  digital  computer  "Ural-**"  of  the  total  array  of  Soviet 
claims  to  invention  in  the  field  of  coal. combine  building,  it  was 
possible  to  obtain  a  very  indicative  picture  of  the  changes  in  trends 
in  construction  of  these  machines  (Figs.  7,  8). 

The  diagram  reflects  the  characteristic  fact  that  under  the 
influence  of  the  data  from  practical  experience  and  scientific 
research,  based  on  personal  experience,  the  creaters  of  new  machines 
switched  from  designing  combines  with  the  so-called  *Vride-grab" 
operating  elements  to  the  use  of  the  more  promising  principles 
connected  with  the  concept  of  a  "narrow  grab."  It  is  important  to 
emphasize  that  the  redistribution  of  forces  of  the  creaters  of  the 
new  technology  over  at  least  8-10  years,  which  is  obvious  from  the 
given  diagram,  determined  the  changes  occurring  subsequently  in  the 
makeup  of  the  technology  Itself.  Here  there  is  a  specific  manifestation 


*K.  Marx  and  F.  Engels,  Writings,  Vol.  37,  p.  396. 
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of  the  property  of  a  massive  flow  of  scientific  and  technological 


information  which  we 


called  the  lead-time  potential. 


1935  1940  1945  1950  1955  1960  Years 
Pig.  7.  Dynamics  of  the  re¬ 
distribution  of  efforts  of 
creaters  of  new  technology 
(wide-grab  coal  combines). 


1935  1940  1945  1950  1955  i960  Years 

Pig.  8.  Dynamics  of  the  re¬ 
distribution  of  efforts  of 
creaters  of  new  technology 
(narrow-grab  coal  combines). 


We  undertook  an  effort  at  quantitative  evaluation  of  the  changes 
in  the  lead-time  potential  appearing  in  a  multiyear  mass  flow  of 
information  about  experience  in  mining  science  and  technology.  As  the 
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basis  we  took  the  complex  of  information  reflected  for  the  years 
1935-1965  In  the  annals  of  books  and  journal  articles,  and  also 
(after  1956)  in  the  abstract  journal  "Mining."  This  flow  carries 
information  elements  of  various  characters  (general  industrial 
Information,  Information  on  the  experience  of  scientific  researches 
and  generalizations,  materials  on  design  and  construction  developments, 
on  the  experience  of  manufacturing  and  operating  technical  equipment, 
chronicles  of  current  events,  etc.). 

We  will  recall  that  in  the  study  of  science  the  general  tempo 
of  the  growth  in  the  magnitude  of  flow  of  information  is  frequently 
regarded  as  an  indirect  informational  index  of  the  speed  of  develop¬ 
ment  of  a  given  region  of  scientific  and  technological  creativity. 

In  this  case  the  period  of  doubling  of  the  total  volume  of  accumulated 
information  is  regarded  as  a  measure  of  the  development  rate  (the 
greater  this  period,  the  smaller  the  growth  rate,  and  vice  versa). 

It  is  natural  to  assume  that  any  specially  constructed  index  of 
the  structure  of  the  flow  which  reflects  itB  lead-time  potential  will 
vary  in  accordance  with  our  intuitive  understanding  of  the  level  of 
the  "scientific  nature"  of  development  of  the  given  branch  and  will 
be  inversely  proportional  to  such  an  Informational  criterion  aB 
the  "doubling  period." 

The  following  assumption  served  as  the  basis  for  constructing 
such  an  index.  The  total  lead-time  potential  wQ  for  the  flow  is 
comprised  both  of  wg  -  lead-time  potential  of  scientific  information  - 
and  of  wT  -  the  lead-time  potential  of  technical  information,  along 
with  w  -  the  potential  of  industrial  information,  etc.  Each  of  these 
components  equals  the  intensity  of  the  corresponding  portion  of  the 
flow  multiplied  by  its  coefficient  in  the  years  of  the  lead  (ts,  tt, 
t  )  etc.).  The  lead  time  for  the  scientific  portion  of  the  flow  can 
be  taken  as  t  %  Et1>  where  i  is  the  number  of  stages  of  realization 
of  the  scientific  idea  from  research  to  regularly  operated  specimens. 
This  allowance  was  based  on  the  assumption  that  scientific  and 
technological  progress  will  not  result  in  morally  obsolete  technology. 
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We  used  the  index  of  the  structure  of  the  scientific  and 

ZH 


technological  information  flow  represented  by 


T/l 


ZH  +  ZO  : 

H  3 


in  which  the 


numerator  contains  ZHt^  —  intensity  of  the  part  of  the  flow  relating 
to  publications  on  theoretical  and  laboratory  investigations,  while 
the  denominator  contains  ZH^  +  Z0g  —  respectively,  the  intensity 
of  works  on  production  tests  and  works  on  experience  in  operating 
technical  equipment  relating  to  the  same  year.  In  this  structural 
index  it  is  not  possible,  in  the  first  approximation,  to  take  into 
account  quantitatively  the  still  unknown  values  tt<;i  xn.H  and 


Figure  9  shows  the  data  of  statistical  analysis  of  a  selected 
flow  of  scientific  and  technological  information. 


Fig.  9.  Diagram  of  the  change  in  infor¬ 
mational  characteristics.  1  —  Doubling 
period;  2  —  ratio  of  the  number  of  works 
of  a  scientific  research  type  to  those 
of  a  production-operational  character. 


Examination  of  these  data  brings  out  the  very  symptomatic 
character  of  the  change  in  the  two  information  characteristics. 

These  data  can  be  treated  as  indirect  informational  evidence  of  a 
reduction  in  the  tempo  of  development  of  scientific  research  in  the 
war  years,  and  also  a  delay  in  the  following  7-8  years  in  their  growth 
rates  as  opposed  to  the  general  rates  of  development  of  design  and 
construction  work  and  work  on  the  introduction  and  mastery  of 
technological  equipment.  Beginning  around  1953-1954  the  examined 
region  shows  a  fairly  stable  trend  toward  acceleration  of  general 
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growth  rates  in  the  volumes  of  scientific  and  technological  data  with 
a  leading  character  of  the  growth  of  the  actual  scientific  component 
of  the  general  flow  of  information.  The  latter  circumstance  can,  in 
turn,  be  interpretated  as  manifestation  of  a  trend  toward  growth  of 
the  overall  lead-time  potential  of  the  examined  massive  flow  of 
scientific  and  technical  information. 

Naturally,  the  lead-time  potential  depends  to  a  considerable 
degree  both  on  the  type  of  information  sources  (Fig.  10),  and  on  the 
sphere  of  its  utilization  (Fig.  11)  [28]. 

By  their  very  essence,  informational  processes  penetrate  and 
bind  together  all  regions  of  scientific  and  technological  creativity. 
This  conditions  the  predicted  potential  of  thos>  of  scientific  and 
technical  information  -  the  possibility  of  analyzing  trends  and 
forecasting  both  on  the  basis  of  the  examined  content  of  documents 
and  according  ^o  the  "information  signals"  (by  the  characteristic 
quantitative  and  structural  parameters  of  mass  flows  of  scientific 
and  technical  information) . 


information  as  a  function  of  the 
type  of  source.  1  —  Data  bulletin; 

2  —  express  information;  3  — 
journal  article,  production-techni¬ 
cal;  4  -  Journal  article,  scientific- 
technical;  5  -  monograph;  6  - 
description  of  invention. 


M6 
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Pig.  li.  Change  in  the  value  of  in¬ 
formation  as  a  function  of  the  sphere 
of  its  youth.  1  -  Industrial;  2  - 
technical  creativity;  3  —  control; 

4  -  scientific  research. 


2.  The  treasure-house  of  ideas 


The  Marxist  treatment  of  the  dialectic  connections  between  facts, 
the  system  of  scientific  ideas,  and  the  new  scientific  facts  anticipated 
by  it  is  widely  known  and  is  confirmed  daily  by  general  practice. 

For  us  here  it  is  important  to  emphasize  that  the  process  of  scientific 
understanding  (and  of  understanding  in  general)  is  inseparably 
connected  with  the  functioning  of  the  physiological  and  artificially 
man-made  systems  of  accumulating  information,  and  also  to  no  small 
degree  with  the  systematizing  of  information  and  ideas  carried  out 
by  man  or  by  technical  equipment.  The  latter  can  be  accomplished  on 
different  levels  of  abstraction,  with  a  different  degree  of  utiliza¬ 
tion  of  knowledge  obtained  earlier  and  of  the  logical  potential  at  the 
disposal  of  humanity,  but  it  is  mandatory  that  it  participate  in  the 
process  of  scientific  learning. 

In  connection  with  the  problem  of  forecasting,  in  particular  j.f 
we  can  consider  the  future  requirements  and  possibility  of  using  for 
these  goals  various  types  of  contemporary  data-processing  equipment, 
the  problem  of  classifying  the  level  of  systematizing  of  information 
appears  to  us  to  be  very  urgent. 
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We  will  note  that  the  given  situation  possesses  significant 
gnosiological  generality.  The  difficulties  encountered  by  specialists 
in  the  field  of  machine  translation  in  connection  with  the  problem  of 
the  multidimensionality  of  meaning  in  natural  languages  are  well  known. 
For  solution  of  this  and  certain  other  special  problems  it  found  to  be 
necessary  to  turn  to  the  experience  of  classical  linguistics  and  to 
use  a  semantic  classifier  of  the  word-phrase  composition  of  a 
launguage  of  the  thesaurus*  type  [P.  Roget,  29].  Also  known  is  the 
broader  concept  of  the  thesaurus  as  a  normative  store  of  information 
(terms  and  related^  words)  on  certain  subjects  in  science  and 
technology  [30]. 

In  recent  years  interesting  proposals  have  unfolded  for  using  the 
thesaurus  for  purposes  of  quantitative  evaluation  of  semantic  infor¬ 
mation.  W.  Schrader  proposed,  for  example  [31] »  to  use  here  as  a 
criterion  the  measure  of  reconstruction  of  the  thesaurus  under  the 
influence  of  information  newly  introduced  into  it  (in  accordance  with 
principles  accepted  in  the  given  thesaurus).  The  basic  idea  of  this 
proposal  is  the  objective  fact  that  novelty  of  presentations  about 
any  object,  expressed  in  the  appropriate  language  of  concepts,  leads 
to  a  mandatory  change  in  the  structure  of  a  given  thesaurus. 

In  our  view  it  is  advisable  and  possible  to  develop  a  concept, 
broader  than  that  now  accepted,  of  the  generalized  thesaurus  as  a 
certain  formalized  system  (aggregate)  of  information  reflecting  (with 
one  or  another  degree  of  completeness)  our  ideas  about  objects  of 
information  and  about  the  logical  connections  which  are  characteristic 

for  them. 

In  accordance  with  data  of  historical  experience  and  the  logic 
of  science,  three  essentially  different  types  of  thesaurus  can  be 
singled  out:  nominative  (6n),  functional  (6f),  and  adequate  (e&). 

The  thesaurus  0n  has  the  smallest  capacity  from  the  logical 
point  of  view.  It  actually  contains  only  a  listing  of  known  objects 

•Thesaurus  (Greek)  -  a  collection  of  valuables,  a  treasure-house. 
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(terms)  connected  by  the  single  relator  "to  be  a  member  of  the  class" 
of  the  given  objects.  A  trivial  example  of  such  an  accumulation  of 
information  is  the  inventory  record,  or,  from  the  engineering  point 
of  view,  the  parts  list  of  any  device. 

The  most  logically  capacious  thesaurus,  ©a,  is  not  only  a 
reflection  of  the  totality  of  objects  of  systematization  known  to  us, 
but  also  —  which  is  particularly  important  -  represents  the  established 
scientific  causal-consequence  and  other  principal  values  of  the 
connections  between  these  objects.  Classical  examples  include  D.  I. 
Mendeleyev's  periodic  system  of  the  chemical  elements;  the  systemizing 
of  the  objects  of  living  nature,  constructed  on  the  basis  of  the  law 
of  homologous  series  discovered  by  N.  I.  Vavilov;  the  systematics  of 
elementary  particles  of  Qel-Mann,  and  other  similarly  scientifically 
ordered  aggregates  of  information. 

In  the  majority  of  cases  of  scientific  and  technical  practice 
we  must  deal  with  the  functional  thesaurus,  occupying  an  intermediate 
position  between  the  two  types  indicated  above.  During  construction 
of  a  6f  it  is  no  longer  necessary  to  limit  ourselves  to  fixing  the 
known  compositions  of  objects  of  a  given  class,  but  is  still  not 
possible  to  base  its  structure  on  the  laws  discovered  by  science  for 
the  development  of  the  object.  Proceeding  from  empirical  information 
accumulated  in  the  course  of  engineering  and  scientific  practice, 
an  effort  is  made  during  the  construction  of  ef  to  reflect  the  basic 
relationships  between  the  systematized  objects.  The  following 
relationships  can  be  noted  among  them:  similarity  and  differences 
in  functions,  proximity,  relationship  of  the  part  to  the  whole,  the 
hierarchy  of  functions  and  of  cause-effect  relationships  (on  the 
appropriate  level  of  knowledge),  etc. 

Depending  upon  how  closely  the  considered  representations 
approximate  scientifically  known  laws,  0f  approaches  0  in  its  level. 

A  general  summary  of  information  about  the  three  types  of 
thesauruses  is  given  in  Table  3. 
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This  classification  of  thesauri <1 -  3  -  -  — 

:*  rci,iiy  ~  "e°rr^~  :rh 

: :t,z  r  tt  oapaclt,  °f  •  i“8— » *  .«■  d: 

function  of  the  proposed  form  of  their  utilization)  and  with  the 
general  theory  of  forecasting. 

D.  I.  Mendeleyev  correctly  asserted  that  "the  scientific  study  of 

objects  has  two  basic  or  final  goals:  foresight  and  use  ■  m  the  * 

the  question  of  whether  it  can  be  predicted  can  h  *  *  *nd 

.  predicted  can  be  answered  only  bv 

p  oceeding  from  knowledge  of  the  thesaurus  with  which  a  given  effort 

scientific  and  technological  forecasting  is  undertake!. 

It  is  important  to  emphasize  that  the  position  given  strict 

~Cal  Pr°0f  10  hlS  tlme  ^  Kl  G3del  (1931)  Elates  to  all 
three  types  of  thesaurus.  It  can  be  expressed  in  the  following 

any  and  a11  sys terns  to  be  formalized  there  will  remain 
an  unformalized  residue.*  &ln 

With  application  to  the  problem  of. forecasting  i 

V™***  *“  lnatance  TZTr L 

;Z°'r  P“tentlil  °f  SOl'"Ce-  principally  ^ntPrnal 

Lnt  foi  th  T  °f  a11  f0r'°“tS-  «  Indicates  the  r.gulre- 

for  the  host  complete  po.elhle  consideration  of  ,11  possible 

connections  and  relationships  of  a  phenomenon  being  subjected  to 

ln”r£r  to  r  COnaltl°n“  for  «•  hPPterance  and  development, 
increase  the  accuracy  of  prediction. 

Scientific  and  technological  progress  can  be  treated  from  th* 
nformationa!  point  of  view  as  a  specific  antientropic  process 

lnformati*8  k"°“ledee  SPO”s  the  «•««•  of  uncertainty  of 
information  reaching  us  from  the  real  woto*  ^ 

through  the  scientific  system^.”™  ^  ““  ' 


in  re8ard  see  the  discussii 

in  the  book  by  M.  Taube  [32]. 


on  the  prospects  of  cybernetics 
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The  position  given  above  is  seemingly  in  contradiction  with 
the  common  intuitive  experience.  Louis  de  Broille  writes  with  complete 
Justification,  "We  must  never  forget  (the  history  of  science  proves 
this)  that  each  achievement  of  our  knowledge  brings  up  more  problems 
than  it  solves,  and  that  in  this  field  each  new  discovery  of  open 
land  permits  us  to  assume  the  existence  of  immense  continents 
yet  unknown  to  us"  [ 33] - 

For  analysis  of  this  situation,  which  causes  the  probability 
nature  of  scientific  knowledge  of  such  types  as  forecasting,  we  can 
propose  the  following  interpretation.  Let  there  be  an  infinite 
set  M  of  facts*  in  the  real  world.  Then  the  subset  m  of  factors 
which  have  entered  the  scientific  system  can  be  presented  in  the  form 
of  a  sphere  with  statistical  radius  r  located  within  set  M.  The  area 
of  this  sphere  of  scientific  ideas,  proportional  to  r2,  will 
interpret  the  area  of  contact  of  the  system  of  scientific  knowledge 
with  the  remaining  mass  of  possible  facts  in  the  real  world. 

An  increase  in  the  volume  of  scientific  knowledge  leading  to  an 
increase  in  the  statistical  radius  of  sphere  m  by  Ar  will  simultaneously 
imply  an  increase  in  the  field  of  contact  of  science  with  the  elements 
of  set  M  by  a  quantity  proportional  to  r  +  Ar2,  along  with  a 
corresponding  growth  in  the  number  of  problems  faced  by  science. 

So  far  as  there  are  bases  for  considering  the  Increase  in  the 
volume  of  science  to  be  proportional  to  time  (the  quantity  of  new 
results  of  science  doubles  every  40—50  years,  and  the  quantity  of 
scientific  information  doubles  every  10-15  years),  accepting  the 
hypothesis  of  the  predictability  of  the  development  of  science 
ia  unavoidably  connected  with  a  significant  increase  in  the  future 
(hypothetical)  area  of  contact  of  science  with  facts  of  the  real 
world. 


•In  the  broadest  and  most  universal  understanding  of  this  term, 
close  to  concepts  of  "quanta  of  the  formation  process"  [3*0  and  "quanta 
of  information"  [35],  and  also  with  the  condition  of  different  methods 
of  obtaining  it  [36]. 
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Among  these  and  especially  important  for  the  success  of  forecast¬ 
ing  are  interactions,  varying  according  to  different  laws,  of  science 
with  the  area  of  material  and  spiritual  life  of  the  people  (require- 
menta  and  consequences ,  factors  of  progress  and  regression,  etc.). 

A  significant  portion  of  these  are  as  yet  completely  unknownTa 
certain  part  can  be  discussed  only  hypothetically,  etc.  But  this  very 
process  of  interaction  of  future  science  with  the  actual  reality  of 
the  future  will  give  conflation  or  will  refute  the  truth  of  the 
predicted  knowledge  and  will  specify  the  actual  formulation  of  one 
or  another  scientific  problem. 

The  outlined  scheme  of  the  mechanism  which  leads  to  a  reduction 
in  the  probability  of  forecasts  as  they  move  forward  into  the  future 
makes  it  possible  to  draw  the  following  generalization:  in  the  case 
of  exploratory  forecasts  (the  examined  scheme  is  closest  of  all  to 
this  case)  we  can  assume  that  the  accuracy  of  forecasting  future 
scientific  and  technological  development  diminishes  inversely  as  the 
square  of  the  Wl  lead  time. 


It  is  not  without  interest  to  note  that  after  analyzing  this 
question  from  the  positions  of  the  Shannon  theory  of  information, 
V.  Lisichkin  and  G.  Zarubin  arrived  [37]  at  a  result  close  to 
coincidence  with  the  above. 


It  is  appropriate  to  note  in  connection  with  the  proposed 
interpretation  that  in  the  course  of  the  actual  history  of  science 
the  influence  of  intensifying  interaction  of  science  with  other 
spheres  of  life  has  led  to  a  constant  internal  readjustment  of 
the  sphere  of  scientific  knowledge.  The  circumstance  that  the  volume 
of  the  indicated  sphere  is  proportional  to  r3  has  a  bearing  on  the 
evaluation  of  the  dimensions  of  problems  of  this  type. 

The  statistical  theory  of  predictions  under  development  today 
works  out  quantitative  methods  of  probability  forecasting  and 
procedures  for  improving  their  accuracy.  It  is  based  on  a  hypothesis 
of  the  nature  of  prediction  of  the  future  very  close  to  the  problem 
under  discussion.  It  "consists  in  this,  that  conclusions  about  the 
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possibility  or  probability  of  a  future  event  or  series  of  events  are 
made  on  the  basis  of  study,  analysis,  and  generalization  of  past 
experience  -  the  history  of  the  phenomenon  being  predicted  [38].  Of 
course,  it  is  considered  here  that  three  components,  differing  in 
principle,  always  participate  in  real  processes  and  are  manifested 
to  a  different  degree:  a)  a  deterministic  part,  subject  to  exact 
calculation  with  any  lead  time  sufficient  for  the  purpose  of  the 
forecasts;  b)  a  probability  portion,  revealed  in  the  course  of  study 
(observation)  of  the  phenomenon  being  predicted;  here  the  statistical 
accuracy  of  prediction  is  determined  in  the  main  by  success  in 
establishing  the  probability  of  regularity  of  the  development  process; 
c)  a  random  part,  not  subject  to  prediction  from  the  positions  of 
a  contemporary  level  of  knowledge. 

The  tactics  applied  in  the  statistical  theory  of  prediction 
consist  in  the  maximum  possible  isolation  of  the  deterministic 
portion  of  the  process  and  constant  effort  to  refine  (with  growth  in 
our  knowledge)  the  prediction  of  the  probability  portion.  A  specific 
feature  of  forecasts  of  scientific  and  technological  development 
consists  in  the  fact  that  here  we  can  accept  the  assumption  of  the 
deterministic  nature  of  the  process  only  in  individual  cases  (and 
besides  only  in  connection  with  forecasts  of  science  as  an  organiza¬ 
tion).  An  example  of  this  is  the  prediction  of  the  Polish  scientist 
K.  Leski  with  respect  to  the  growth  in  the  volume  of  world  scientific 
and  technological  information  in  the  next  35  years. 

Proceeding  from  the  exponential  growth  of  scientific  information 
formulated  over  the  last  300  years,  Leski  predicted  [39]  the  following 
growth  indices  of  the  present  huge  volume  of  information:  I960  —  1 
(taken  as  the  base),  1965  —  1.4,  1975  —  3-5»  1985  —  8.0,  2000  —  23.0. 
This  forecast,  elaborated  over  the  branches  of  scientific  and 
technological  process  progress  and  type  of  information,  is  advanced 
as  the  basis  for  essential  theoretical  practical  conclusions  with 
respect  to  a  number  of  aspects  of  future  science. 

We  will  note  that  in  his  calculation  the  author  strove  to 
introduce  corrections  into  the  historically  formed  rates  of  growth 
of  information  —  corrections  connected  with  the  demographic  development 
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of  the  major  regions  of  the  world,  with  the  increase  in  the  relative 
potential  of  developing  countries,  with  a  change  in  the  percentage 
ratio  of  individual  groups  of  people  of  the  most  creative  age  (30- 
40  years),  with  the  change  in  the  lower  boundary  of  the  age  of 
beginning  of  creative  activity ,  and  also  into  the  rate  of  growth  of 
the  number  of  personnel  with  higher  education.  Nevertheless  the 
forecast  proposed  by  him  is  very  debatable ,  since  it  does  not  take 
into  account  the  influence  of  the  development  of  methods  and  means  of 
scientific  work,  the  maturing  change  in  the  form  of  scientific 
information  carriers  and  channels  for  exchanging  it ,  and  a  number  of 
other  factors  according  to  which,  as  the  author  writes,  "determination 
of  the  corresponding  correction  factors  does  not  appear  possible  at 
the  present  time." 

In  scientific  and  technological  forecasts  we  are  dealing,  as  a 
rule,  with  dominating  probabilities  and  purely  random  portions  of  the 
general  process  of  development;  this  classes  forecasts  with  such 
types  of  scientific  knowledge  as  scientific  hypotheses. 

The  indicated  feature  of  the  object  of  forecasting  by  no  means 
removes  the  requirement  for  the  use  in  this  area  of  quantitative 
(including  statistical)  methods.  On  the  contrary,  the  impossibility 
(at  least  in  a  given  time)  of  analyzing  a  number  of  processes  of 
scientific  development  with  direct  use  of  quantitative  gages  makes 
it  urgent  to  seek  out  correlating  connections  of  such  processes  and 
phenomena  with  processes  and  phenomena  which  are  subject  to  quantita¬ 
tive  analysis  (for  example,  the  growth  in  the  number  of  scientific 
cadres,  changes  in  the  organizational  structure  of  science,  etc.). 

The  development  in  such  an  area  of  relatively  more  reliable 
predictions  presents  an  increasingly  Imperative  requirement  that 
attention  be  turned  to  the  experience  and  intuition  of  many  natural 
scientists;  their  Judgements  about  expected  events  also  should  be 
analyzed  with  the  application  of  all  statistical  methods  known  for 
such  cases.  We  can  point  out  that  contemporary  mathematical  theory 
of  planning  Experiments  is  successfully  developing  its  apparatus  and 
expanding  its  sphere  of  application  precisely  by  turning  to  the 
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experience  of  an  appropriately  selected  circle 


of  experts. 


The  development  of  models  of  the  development  of  science  with  the 
use  of  the  ideas  of  cybernetics,  the  study  of  science,  information 
theory,  probability  theory,  and  mathematical  logic  may  open  very 
promising  paths  to  a  deeper  understanding  of  the  processes  of 
scientific  and  technological  development  and  to  the  production  of 
forecasts  which  are  more  accurate  in  the  probability  sense.  For 
example,  work  [HO]  presents  an  effort  to  use  the  ideas  of  the  general 
theory  of  communications  in  forecasting. 


that  f  °""'C  »  appropriate  to  not. 

that  in  the  ■», hectical  atmctur.  Itaelf.  ho».v,r  perfected  lt“My 

we  are  by  no  means  inclined  to  expect  the  existence  of  general 
criteria  of  truth  for  scientific  knowledge  of  the  type  represented  by 
forecasts  of  scientific  and  technological  development*.  There  are 
only  two  routes  for  general  checking  of  the  truthfulness  of  a 
prediction:  the  first  is  by  comparing  it  with  real  future  experi¬ 
ments  ,  and  the  second  is  by  setting  up  an  historical-logical 
experiment  for  the  purpose  of  checking  the  present  level  of  realiza¬ 
tion  of  some  predictions  made  "in  the  past."  m  particular,  such 

a  check  is  of  immediate  concern  with  respect  to  informational  methods 
of  developing  forecasts. 


3. 


The  study  of  science*** 
basis  of  scientific  and 


as  the  theoretical 
technological  forecasting 


In  the  contemporary  morla  every  actually  .elating  object  1. 
atudlea  from  different  point,  of  vie,  ana  by  different  method,  in  . 


can  and  .ho„?d  be*SS&  SVSg£  2Si£52l“LSSS"-  't0'’ 
for  the'iSi  of^aclentlflc  Problem  arl.ea 

"naukovedeniye?" ' 3  n0t*  “  llteral  transl^lon  of  Russian  word 
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more  or  less  broad  family  of  science.  But  In  fact  science  Itself  Is 
an  object  occupying  an  increasingly  significant  place  in  human  life, 
developing  according  to  the  laws  existing  in  it.  It  is  undoubtedly  a 
most  deserving  object  for  scientific  study. 

Who  accomplishes  this  study?  Traditionally  science  was  the 
object  of  study  only  for  philosophers  and  historians  of  the  natural 
sciences.  Their  approach  to  science  was  characterized  by  such  features 
as : 

a  primary  tendency  toward  cognitive  and  general  theoretical 
goals,  and  not  to  the  direct  solution  of  specific  practical  problt  ; 

attention  is  concentrated  on  science  as  a  system  of  knowledge 
and  the  question  of  science  as  an  organizational  system  and  as  the 
object  of  control  is  virtually  ignored; 

the  method  of  studying  this  object  is  predominantly  descriptive, 
with  generalizations  being  produced  on  the  baBis  of  historical  and 
logical  analysis  of  qualitative  (and~not  quantitative)  characteristics 
of  the  development  of  science. 


In  the  first  centuries  of  the  existence  of  science  such  a 
position  was  valid,  but  it  cannot  be  continued  indefinitely. 


Table 

scientific 

complexity 

Increasing 


4  gives  a  summary  of  data  which  show  the  stages  of 
and  technological  progress~with  respect  to  the  levels  of 
of  known  and  created  systems  in  conriection  with  the 
complexity  of  the  nature  of  science*. 


•Original  ideas  and  some  data  by  3.  N.  Povarov  [4l]  were  used 
in  compiling  the  table. 
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Contemporary  science  is  a  large,  complex,  dynamically  developing 
system.  A  perceptible  fraction  of  the  national  budget  is  devoted  to 
maintaining  it.  Nations  which  are  advanced  in  the  scientific  sense 
designate  for  science  national  wealth  amounting  to  the  production  of 
two  weeks  out  of  the  55  [sic]  in  the  year.  The  realization  of  the 
achievements  of  science  ensures,  in  its  turn,  the  principal  portion 
of  the  growth  of  the  social  productivity  of  labor  -  from  1/2  to  3/4 
of  the  growth  in  national  income.  Also  exceptionally  important  is 
the  theoretical  and  social  effect  of  science,  especially  in  a 
socialist  society,  creatively  striving  to  build  its  life  on  scientific 
principles. 

At  the  same  time  the  losses  caused  by  nonoptimum  functioning  of 
the  organizational  system  of  science  are  huge.  In  large  modern 
scientific  institutes  a  considerable  portion  of  the  budget  of  working 
time  of  scientists  is  frequently  lost  forever,  and  without  Justifica¬ 
tion.  Owing  to  incomplete  utilization  of  world-wide  information, 
leading  to  duplication  of  investigations  and  development,  in  various 
areas  of  scientific  and  technological  creations  the  specific  weight 
of  repeatedly  proposed  solutions  reaches  60  and  even  80  percent.  In 
the  largest  developed  countries  the  direct  annual  losses  caused  by 
this  circumstance  reach  billions  of  dollars. 

Modern  science  is  faced" by  the  problem,  in  all  its  magnitude,  of 
selecting  the  directions  of  research  and  development  with  considera¬ 
tion  of  national  interests  and  of  the  existing  scientific  potential. 
Labor  and  science  was  rapidly  transformed  into  one  of  the  most 
massive  spheres  of  professional  activity.  In  the  last  50  years  the 
number  of  scientists  has  doubled  in  the  USSR  every  6-7  years,  every 
10  years  in  the  USA,  and  every  15  yearB  in  the  nation  of  Western 
Europe.  At  the  end  of  1967  some  2.86  million  people  were  working  in 
the  sphere  of  science  and  scientific  services,  of  whom  770  thousand 
were  scientific  colleagues  -  comprising  approximately  one  fourth 
of  all  the  scientists  of  the  world  [42]. 

The  principal  significance  for  evaluation  of  such  data  is  found 
in  the  following  circumstances.  The  sizes  of  scientific  collectives 
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grow  by  2-3  times  faster  than  the  number  of  these  collectives  them¬ 
selves.  Here,  as  is  known,  the  volume  of  problems  of  communication 
and  control  in  collectives  grows  in  proportion  to  the  square  of , the 
number  of  their  members.  Added  to  this  is  the  fact  that  the 
quantity  of  scientists  of  highest  scientific  qualification  is 
increasing  significantly  more  slowly  than  the  total  number  of  ..he 
basic  cadre  of  scientific  workers. 

The  experience  of  past  years  also  showed  that  every  forward  step 
of  science  is  achieved  with  increasing  difficulty  and  with  ever  greater 
cost.  In  the  last  **0-50  years  the  doubling  of  the  quantity  of  new 
scientific  results  has  been  accompanied  in  the  world  by  8-10-fold 
growth  in  the  volume  of  scientific  information,  a  15-20-fold  increase 
in  the  number  of  people  in  science ,  and  a  more  than  30-fold  growth 
in  appropriations  for  science  and  for  mastering  its  results. 

Such  a  disproportionate  growth  in  the  quantitative  character¬ 
istics  of  the  organizational  system  of  science  cannot  continue  much 
longer.  It  requires  the  intervention  of  scientists  in  the  very 
process  of  organizing  research  —  self-knowledge  of  science.  Science 
ever  more*  imperatively  senses  the  need  for  a  transition  from  the 
tactics  of  "mass  assult"  on  scientific  problems  to  planned  and 
coordinated  cooperation  of  collectives  of  highly-qualified  specialists, 
collectives  which  are  well  equipped  technically,  optimally  organized, 
and  scientifically  controlled. 

Such  are  the  natural  causes  which  activated  research  focused 
on  specific  and  quantitatively  determined  scientific  analysis  of 
organizational  and  social  aspects  of  the  many  years  of  experience  of 
science.  The  object  of  these  studies,  thus,  is  the  organization  of 
the  scientific  process,  of  scientific  activity  as  a  form  of  professional 
labor.  The  goal  la  the  formulation  of  theoretical  principles  of 
organization,  planning,  forecasting,  and  control  of  science. 
Consequently,  we  are  speaking  of  the  formulation  by  the  efforts  of 
scientists  of  many  countries  of  the  world  of  a  new  branch  of 
scientific  knowledge  -  "the  science  of  science"  [**3],  or,  in  accordance 
with  the  terminology  which  is  accepted  in  the  USSR  and  which,  in  our 
view  is  more  apt  -  the  study  of  science  ["naukovedeniye"]  [****,  **5]. 
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We  shall  give  the  following  definition:  The  study  of  eoisnos  is 
a  soientifio  discipline  studying  the  experience  of  functioning  of 
science  in  order  to  develop  methods  of  increasing  the  effectiveness 
of  soientifio  progress  by  utilising  means  of  organisational  and 
social  action. 

The  study  of  science  marches  to  itB  goal  hand  and  hand  with  many 
other  scientific  disciplines.  Long-standing  connections  with 
sociology,  biology,  and  the  history  of  science  are  being  developed. 
Collaboration  with  cybernetics.  Information  theory,  operations 
research,  and  other  scientific  disciplines  of  the  mathematical 
cycle  is  fruitful.  Methods  of  evaluating  the  production  of  results 
of  scientific  labor  and  criteria  for  selecting  variants  of  programs 
places  the  study  of  science  together  with  contemporary  divisions  of 
economic  science. 

Prom  this  "structural  material,"  on  the  basis  of  study  of 
specific  data  about  factors  which  are  common  and  comparable  in  the 
vital  activity  of  individual  scientific  disciplines  the  study  of 
science  develops  its  unique  methodB  and  concepts. 

Departing  from  the  descriptive,  factological  level  of  research, 
the  modern  study  of  science  strives  to  find  and  analyze  real 
principles  and  movements  of  forces  of  scientific  and  technological 
progress  and,  on  this  basis,  to  give  a  scientific  explanation  of  the 
studied  phenomena  and  processes.  However,  the  explanation  of 
phenomena  is  only  one  of  the  levels  of  scientific  knowledge  of  the 
experience  of  scientific  and  technological  progress.  It  by  no  means 
exhausts  the  problems  of  the  study  of  science,  which  is  primarily  an 
instrument  of  action.  It  is  appropriate  to  recall  that  even 
V.  I.  Lenin,  stating  the  problem  of  specific  study  of  the  experience 
of  the  history  of  science,  foresaw  the  regular  sequence  of  the 
transition  from  qualitative  methods  of  research  to  their  dialectic 
unity  with  quantitative  methods  in  the  process  of  genuinely  scientific 
research.* 


•See:  V.  I.  Lenin.  Completed  Collected  Works,  Vol.  29,  pp.  298- 
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It  can  be  asserted  without  exaggeration  that  the  development  of 
quantitative  methods  of  analysis  of  the  experience  of  functioning  of 
science  is  today  the  most  urgent  and  simultaneously  one  of  the  most 
complex  problems  of  the  study  of  science  at  the  present  stage  of  its 
development. 

Some  practical  experience  in  this  respect  has  already  been 
accumulated  both  in  the  USSR  and  in  other  countries.  This  is  indicated 
by  a  number  of  progressive  trends:  ever  wider  utilization  of  the 
methods  of  mathematical  statistics,  attention  to  the  study  of  the 
system  of  structures  and  quantitative  characteristics  of  flows  of 
information  on  the  experience  of  the  functioning  of  the  sciences, 
the  use  in  research  on  science  of  ideas  and  methods  of  cybernetics, 
the  application  of  machine  methods  for  analyzing  masses  of  historical 
and  scientific  Information,  including  computer  technology,  etc. 

The  process  of  mathematization,  which  now  encompasses  a 
significant  circle  of  sciences,  has  its  own  deep  roots.  This  eases 
the  growing  requirements  for  science  -  requirements  for  positive 
results,  mobility,  conclusive  efforts,  and  generality  of  the  solutions 
which  it  proposes.  The  following  can  be  considered  to  be  the  most 
important  prerequisites  for  the  mathematization  of  the  sciences:  on 
the  one  hand,  a  rising  level  the  mathematizing  sciences  themselves, 
their  transition  to  knowledge  of  deeper  laws  of  the  investigated  part 
of  the  objective  world  and  a  higher  level  of  their  logical  apparatus 
and  achievable  generalizations;  on  the  other  hand,  expansion  of  the 
boundaries  of  mathematics  itself,  the  capability  of  its  apparatus 
to  develop,  and  the  availability  of  contemporary  powerful  technical 
equipment  for  realizing  mathematical  methods  and  new  areas  of 
application  [46]. 

In  any  case,  in  the  absence  of  these  components  of  the  complexity 
of  science  it  is  difficult  to  count  on  real  success  in  a  system  of 
analysis  of  past  experience,  diagnosis  of  contemporary  conditions, 
and  prediction  of  future  science. 

The  question  "What  are  the  most  important  problems  of  the 
controlling  organs  of  science?"  cannot  be  answered  in  the  form  of 
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a  list  of  the  scientific  and  research  problems  underlying  the  solution. 
Such  a  list,  however  long  it  might  be,  would  always  be  incomplete. 
Moreover,  its  formulation  should  be  carried  out  not  by  the  methods  of 
chemical,  biological,  or  any  other  sciences,  but  by  the  methods  of  the 
science  of  sciences.  This  is  why  we  single  out  from  the  variety  of 
research  themes  and  specific  problems  faced  by  the  student  of  science 
three  central  problems:  effective  use  of  existing  capabilities  and 
results  of  science,  ensuring  the  growth  of  potential  forces  of 
science,  and  the  development  of  a  scientifically  based  strategy  for 
scientific  and  technological  development. 

Experience  shows  that  it  is  impossible  to  ignore  any  one  of 
these  most  serious  problems  of  the  State  control  of  science.  A 
close  connection  exists  between  them:  inefficient  functioning  of 
science  is  a  manifestation  of  low  efficiency  in  utilizing  previously 
accumulated  potential;  with  no  assurance  of  the  required  scientific 
potential  we  must  not  count  on  future  effectiveness  of  science, 
while  errors  in  the  basis  of  the  strategy  of  development  can  bring  to 
nothing  the  major  portion  of  efforts  in  the  field  of  scientific  and 
technological  progress.  The  student  of  science  and  the  organizer 
of  science  must  not  behave  like  a  sorry  gardener  who  is  concerned 
only  with  the  collection  of  ripened  fruits  from  the  age-old  tree  of 
knowledge  or  who  has  no  idea  what  sort  of  fruits  he  would  like  to 

grow. 

Our  idea  on  the  complexity  of  the  problems  of  the  studly_of  _ 
science  is  illustrated  by  Fig.  12.  Here,  In  accordance  with  con¬ 
temporary  tradition,  each  arrow  indicates  the  work  which  is  to  be 
transferred  from  one  state  (assignment)  into  another  (result). 

The  set  of  specific  scientific  problems  to  be  worked  out  by  the 
theoretical  and  applied  areas  in  the  study  of  science  naturally  does 
not  pretend  to  exhaustive  completeness  [473 •  It  is  important  to 
emphasize  that  upon  achieving  each  of  their  specific  goals, 
they  must  altogether  ensure  the  development  of  the  functionally  most 
important,  complex,  and  synthesizing  central  problems  of  the  study  of 
science.  The  point  of  intersection  of  two  works  designates  the 
transfer  of  part  of  the  results  from  one  area  to  the  other. 
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Pig.  12.  System  structure  of  the  scientific  problems  of  the 
study  of  science. 


For  specific  reasons  there  can  and  must  be  noticeable  changes  In 
t  he  solus  I  set  or  works  to  be  planned  and  carried  out  by  one  or 
.'mother  collective  concerned  with  the  study  of  science.  Not  all  of 
the  works  will  actually  intersect  in  reality;  this  makes  it  possible 
to  form  clear  Judgements  about  the  achieved  level  of  complexity  and 
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organization  of  research  on  the  experience  of  the  functioning  of 
science. 

However,  with  all  these  distinctions,  the  structure  of  the 
problems  of  the  study  of  science  must  reflect  its  integrating 
function  in  the  present  world  of  science  an3  a  systematic  approach” 
to  the  study  of  objects. 

In  accordance  with  this  type  of  orientation  of  the  study  of 
science  there  is  a  natural  renovation  of  the  shape  of. the  presentation 
of  results  of  research  on  science.  The  preparation  of  articles  and 
monographs  was  formerly  the  single  type  of  results  of  research  on 
science;  now  these  are  ever  more  frequently  supplemented  with  the 
development  of  specific  recommendations  directed  toward  more  complete 
utilization  of  the  accumulated  experience  and  potential  of  science. 
Improvement  of  its  organization,  and  increasing  the  effectiveness  of 
control.  The  purview  of  the  study  of  science  also  includes  the 
development  of  designs  of  new  organizational  forms  of  the  development 
of  science:  experimentally  verified  organizational  structures, 
types  of  communications,  methods  of  stimulating  scientific  activity, 
forms  of  control  of  science,  etc. 

The  final  goal  of  the  complex  improvement  of  organization  of  the 
system  of  science  consists  in  increasing  the  effectiveness  of 
functioning  of  all  its  links,  in  creating  more  favorable  conditions 
for  the  fulfillment  by  Soviet  science  of  that  historic  role  which  has 
been  assigned  it  in  the  common  task  of  building  Communism.  The 
optimum  utilization  of  the  potential  forces  of  science  is  one  of  the 
most  important  concerns  of  the  Socialist  state. 

The  unification  of  the  problems  of  analysis,  diagnosis,  and 
forecasting  during  research  on  science  is  conveniently  indicated  on 
the  example  of  the  problem  of  scientific  potential.  The  generally 
satisfactory  concept  "scientific  potential"  has  more  of  the  nature  of 
a  descriptive  expression  than  of  a  scientific  term.  It  Is  commonly 
identified  with  the  concepts  "intellectual  potential,"  "creative 
potential,"  or  "people  of  science."  However,  the  deference  between 
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availability  of  scientific  personnel  and  their  actual  value  under 
conditions  of  a  different  level  of  control  of  science  is  well  known. 
"While  agreeing  that  the  number  of  scientists  must  in  some  way  be 
increased,"  writes  Professor  N.  Peary  [?],  "it  is  nevertheless  useful 
to  consider  Just  for  what  we  will  actually  use  them. . . .  There  may  be 
no  deficiency  of  scientists  should  they  set  their  own  house  in 
order"  [43].-  Prom  this  fact,  known  to  every  scientist,  there  follows 
the  conclusion  that  it  is  necessary  to  consider  the  level  of 
organization  and  the  directivity  of  scientific  progress  among  the 
parameters  of  scientific  potential. 

By  limiting  the  circle  of  parameters  of  scientific  potential  to 
only  the  cadre,  material  and  technical,  and  organization  aspects, 
we  risk  falling  into  the  same  extremity  as  if  during  discussion  of 
a  needlework  tablecloth,  we  concerned  ourselves  only  the  quality  of 
the  linen  on  which  the  decoration  was  inscribed....  Obviously,  it  is 
necessary  also  to  take  into  account  in  a  given  scientific  system  the 
presence  of  a  reserve  of  original  scientific  ideas,  ensuring  that  it 
receives  information  about  world-wide  scientific  experience,  and  the 
selected  directions  for  application  of  scientific  forces. 

Proceeding  from  this,  we  consider  it  advlseable  to  treat  the 
category  "scientific  potential"  as  a  complex  of  parameters  character¬ 
izing  the  capability  of  a  scientific  By stem  (institute,  branch  group 
of  scientific  establishments,  science  on  the  national  scale,  etc.)  to 
solve  present  and  future  problems  of  scientific  and  technological 
development.  On  this  scope  the  problem  of  scientific  potential  is 
in  essence  the  problem  of  ensuring  specific  conditions  and  prerequisites 
for  the  satisfaction  by  science  of  public  needs  and  for  the  realiza¬ 
tion  of  the  accumulated  capabilities  of  scientific  development. 

It  is  possible  to  clearly  separate  four  basic  groups  of 
specific  parameters  of  scientific  potential  (Table  5). 

Depending  upon  the  functional  scientific  system  to  which  these 
characteristics  belong,  some  or  other  components  of  scientific 
potential  will  have  different  significance.  However,  all  of  them  are 
subject  to  quantitative  evaluation  and  comparison. 
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Some  years  ago  Professor  J.  Desmond  Bernal,  evaluating  the  course 
followed  by  the  study  of  science  over  four  Centuries  since  it  was 
first  conceived,  as  outlined  in  his  book  "the  Social  Function  of 
Science,"  wrote  [48]:  "the  science  of  science,  or  the  self-knowledge 
of  science,  is  the  most  radical  achievement  of  science  of  the  second 
half  of  the  Twentieth  Century"  [433.  For  the  sake  of  objectivity  it 
should  be  noted  that  such  a  high  evaluation  of  the  study  of  science 
relates  mainly  to  its  scientific  possibilities  and  to  the  exclusively 
important  role  prepared  for  it  by  the  future  history  of  science. 

However,  the  assets  of  the  study  of  science  include  results 
actually  achieved.  The  most  important  of  its  applied  achievements 
is  the  general  acknowledgement  of  the  progressive  principle  that  the 
development  of  science  can  be  planned;  to  a  major  degree  this  was 
facilitated  by  the  experience  in  state  organization  and  planning 
of  the  development  of  science  in  the  Soviet  Union,  which  was  general¬ 
ized  by  the  world  science  of  science.  The  new  methods  of  planning, 
forecasting,  and  programming  with  research  and  development  which  have 
been  created  in  recent  years  are  of  great  practical  significance. 

Based  on  the  ideas  of  information  science  and  equipped  with  contempor¬ 
ary  mathematical  apparatus,  these  methods  are  designed  for  application 
in  complicated  and  complex  scientific  studies  and  are  realized,  as  a 
rule,  by  means  of  electronic  computers. 

The  following  can  be  considered  as  the  most  important  theoretical 
results  of  the  study  of  science:  the  advancement  of  a  united 
cybernetic  (informational)  concept  of  scientific  progress,  and  also 
the  formulation  of  a  number  of  basic  laws  of  the  functioning  of 
science.  We  will  note  two  of  these  here. 

1.  Law  of  aooelaratod  motion  of  eoionoe.  In  accordance  with  this 
law,  whose  first  formulation  was  given  by  F.  Engels,  the  general 
accelerated  character  of  the  development  of  science  is  a  form  of  its 
vital  activity.  Science  ceases  to  be  science  when  deprived  of  this 
fundamental  property,  since  thiB  would  indicate  the  termination  of 
the  growth  of  new  knowledge  —  the  death  of  science. 
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in  applied  research  related  to  the  study  of  science.  Appearing  as  the 
"art  of  giving  poor  answers  to  those  practical  problems  for  which 
other  methods  give  even  poorer  answers"  [50],  the  study  of  operations 
has  developed  in  recent  years  into  a  highly  perfected  mathematical 
apparatus  for  making  decisions. 

These  methods  might  be  used  during  the  development  of  the 
following  applied  problems  of  the  study  of  science,  all  important  for 
the  analysis,  diagnosis,  and  forecasting  of  science: 

study  of  the  complex  of  problems  of  requirements  and  distribution 
of  resources  (financial,  material,  human); 

analysis  of  the  optimality  of  organization  of  research  operations 
and  scientific  establishments; 

development  of  methods  of  selecting  the  areas  of  application 
of  forces; 

planning,  forecasting,  and  controlling  complex  research  programs. 

However,  the  realization  of  these  possibilities  depends  in  the 
main  on  the  correct  answer  to  the  question:  "what  can  be  measured 
in  science?"  Por  we  consider  an  important  stage  in  the  formulation  of 
the  study  of  science  as  a  branch  of  scientific  knowledge  to  be  the 
creation  of  tools  for  analyzing  scientific  experience  -  systems  of 
gages  of  processes  and  phenomena  of  scientific  development. 

Science  as  the  sumand  system  of  knowledge  is  an  object  failing 
within  the  sphere  of  human  intellectual  activity.  At  the  same  time, 
scientific  knowledge  appears,  is  developed,  and  is  used  for  practical 
purposes  in  specific  material  forms  and  conditions.  A  significant 
portion  of  the  latter  are  commensurate  or,  in  any  case,  are  subject 
to  definite  calculation. 

These  real  materialistic  prerequisites  served  as  an  impetus 
to  concentrated  study  of  long-standing  statistical  data:  on  the 
quantity  of  scientific  results  (including  discoveries  and  Inventions), 
printed  works,  and  in  general  the  Intensity  and  structure  of  the  flow 
of  scientific  Information,  the  number  of  people  engaged  in  science. 
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the  quantity  and  structure  of  scientific  establishments,  the 

of 'scientific  **  ”*  th*  eCOn°"le  ‘"““ven.ss 
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ra.es  of  certain  branches  of  science  and  production. 

The  appearance  in  recent  years  of  developed  concepts  and 

reldXdmeth°d8  °f  8ClentlflC  and  technologioal  forecasting  can  be 
regarded  as  an  important  stage,  m  both  theoretical  and  applied 

respects,  of  the  formulation  of  the  science  of  science.  These 
introduce  a  new  essential  element  into  the  system  of  knowledge 
formulated  by  the  study  of  science. 

The  purview  of  the  study  of  science  end,  ln  psrtlcular,  of 
forecasting  ever  nor.  frequently  includes  not  Individual  problem 
Of  the  development  of  science  or  of  a  new  technology,  hut  of  the 
development  of  the  scientific  and  technological  process  of  a  whole 
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Deglnning  in  the*  area  of  exploratory  research  and  ending  in  the 
sphere  of  practical  Innovations. 

During  the  development  of  promising  plans  for  the  development 
of  science  and  technology  and  a  long-range  forecast  of  scientific 
and  technological  progress,  Soviet  scientists  proceed  from  the 
principle  of  an  ever-growing  role  of  science.  During  the  formulation 
of  forecasts  the  scientists  utilize  the  richest  scientific  and 
technical  experience  accumulated  by  generations;  they  base  their  work 
on  the  laws  of  development  of  science  and  technology,  striving  for 
deeper  penetration  into  the  logic  of  the  development  of  definite 
principles,  scientific  ideas,  and  technical  equipment. 

As  an  illustration  of  the  number  of  important  laws,  trends,  and 
principles  of  the  development  of  technical  equipment  we  can  cite  the 
following. 

Suoaaaaion  in  the  davalopmant  of  tzohnology,  whioh  ie  aomatimaa 
oallad  alao  tha  "law  of  tha  apiral. "  Its  essence  consists  in  the  fact 
that  technology  is  developed  on  the  basis  of  accumulated  experience 
and  in  its  forward  development  it  frequently  returns  to  "old" 
technical  ideas,  utilizing  them  on  a  new  scientific  and  technological 
base.  One  the  numerous  examples  of  this  is  the  return  of  modern 
metallurgy  to  the  converter  method  of  smelting  steel,  utilizing  an 
oxygen  blast.  Specific  principles  ensuing  from  regular  succession 
in  the  development  of  technical  equipment  include  the  principle 
of  historical  relativity  of  the  evaluation  of  technical  ideas  and 
the  profound  conviction  of  innovators  that  "a  better  solution  can 
always  be  found." 

Trand  toward  mora  oomplata  utiliaation  of  tha  oapabilitiae 
inoludad  in  a  apaoifio  aoiantifio  and  taohnologioal  idaa.  It  is 
manifested  in  the  expansion  of  the  sphere  of  application  of  technical 
equipment  created  to  solve  a  certain  production  problem;  in  delimiting 
the  areas  of  application  of  old,  traditional  equipment  as  new 
equipment  appears;  and,  finally,  in  the  constant  improvement  of 
existing  technical  equipment.  However,  as  this  process  develops  the 
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baaic  indices  which  characterize  the  effectiveness  of  a  given  type  of 
technology  gradually  approach  a  certain  level.  This  usually  indicates 
the  onset  of  a  limit  of  the  possibilities  of  the  technical  idea  and 
points  to  a  need  for  qualitatively  new  decisions  in  this  region.  Ao 
an  example  we  can  cite  the  many  years  of  efforts  of  sciencists  and 
designers  directed  toward  finding  methods  for  increasing  the 
efficiency  of  the  steam  engine,  terminating  finally  in  transition  to 
use  of  more  effective  thermal  and  electrical  machines. 

Th*  regularity  of  the  entire  inteneifying  influence  of  toienoe 
on  the  development  of  technology  and  production.  Where  in  the  past 
centuries  the  development  of  science  was  determined,  to  a  great 
degree,  by  technology,  at  present  the  achievements  of  science  determine 
to  an  ever  greater  degree  the  development  of  technology  itself.  This 
is  explained  by  the  unprecedented  rate  of  growth  of  the  level  of 
science  itself  and  by  the  fact  that  contemporary  technology  shifts  to 
utilization  of  ever  deeper  laws  and  properties  of  matter,  taking  upon 
itself  the  problem  of  using  not  only  the  physical,  but  also  the  mental 
labor  of  humanity.  Contemporary  technology  is  characterized  by  the 
active  Interplay  of  sciences  which  for  a  long  time  were  considered  to 
be  remote  from  one  another  -  e.g. ,  psychology,  mathematics,  and 
cybernetics. 

Also  very  characteristic  for  the  development  of  technical 
equipment  is  the  trend  touard  excluding  intermediate  linke.  Examples 
in  the  area  of  technology  include  the  following:  flow  lines,  the  use 
of  electrospark  for  metalworking,  direct  reduction  of  iron  from  ore, 
etc.;  in  the  power-engineering  field  examples  Include  direct 
conversion  of  thermal  into  electrical  energy;  in  construction  we  can 
cite  the  combination  of  operations  into  combined  machines,  designing 
of  new  lifting  surfaces  of  aircraft  with  functions  of  a  propelling 
agent,  etc. 

One  of  the  most  important  laws  of  the  development  of  contemporary 
technical  equipment  is  the  traneition  from  a  eyetem  of  complex 
meahaniuation  of  production  prooeeeee  to  automation  of  production. 

In  the  area  of  machine  design  this  is  expressed  in  a  massive 
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transition  from  the  traditional  three-link  system  (motor,  transmission, 
working  machine)  to  systems  with  feedbaok,  equipped  with  automatically 
acting  monitoring  and  control  devices. 

The  development  of  technology  is  also  facilitated  by  the  mutual 
enrichment  of  ite  varioue  branohee  with  experience  and  ideas. 

Examples  of  this  ui*  the  use  of  the  idea  of  the  wing  in  shipbuilding, 
the  broad  possibilities  of  using  the  electrohydraulic  effect,  etc. 

A  particular  manifestation  of  this  law  is  the  principle  of  "reverse" 
action.  (The  waterwheel,  for  example,  served  as  the  prototype  of 
the  paddlewheel  for  the  first  steamships,  the  wind  motor  gave  the 
idea  of  the  screw,  etc.).  A  characteristic  feature  is  the  fact  that 
radical  changes  in  any  one  branch  of  technology  inevitably  lead  to 
essential  changes  in  other  branches.  A  clear  example  of  this  is  the 
Influence  on  technology  of  the  achievements  in  production  of 
artificial  and  synthetic  materials. 

An  old  trend  in  the  development  of  technology  1b  the  use  of 
experienoe  of  living  nature.  The  first  locomotives  had  attachments 
which  imitated  the  action  of  the  legs  of  horses .  Contemporary 
cybernetics  investigates  the  mechanism  of  the  working  of  the  human 
brain,  attempting  to  make  creative  (and  not  strictly  imitative,  as  in 
the  previous  example)  use  of  certain  principles  of  the  activity  of 
living  material. 

It  should  be  emphasized  that  an  essential  factor  for  understanding 
the  process  of  the  development  of  technology  is  the  applicability  of 
the  effect  of  one  of  the  most  general  laws  of  nature  -  the  so-called 
law  of  reverse  sanctioning  of  (efferent)  communications  [51].  In  the 
area  of  living  nature  this  law  is  manifested,  for  example,  in  the 
mechanism  of  natural  selection.  In  the  field  of  technology,  sanctioning 
branches  of  feedback  are  closed  through  the  human,  who  creates, 
uses,  and  evaluates  technology  in  accordance  with  his  particular 
features,  world  view,  and  social  and  economic  position. 

The  science  of  science  is  a  young  branch  of  scientific  knowledge. 
Solution  of  its  many  cardinal  scientific  procedural  problems  is  still 
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in  the  future.  Special  attention  is  paid  to  increasing  the  theoretical 
level  of  research  on  the  study  of  science.  Only  on  the  basis  of 
developed  theory,  checked  by  the  living  experience  of  practice,  will 
it  be  possible  to  formulate,  refine,  and  specify  a  system  of  general 
fundamental  scientific  laws  of  the  functioning  of  scientific  and 
technological  progress  and  thus  to  raise  the  study  of  science  to  the 
level  of  an  effective  theoretical  basis  of  contemporary  aclentific 
and  technological  forecasting. 
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CHAPTER  III 


FORECASTING  IN  CONDITIONS  OP  THE  CONTEMPORARY  SCIENTIFIC 
AND  TECHNOLOGICAL  REVOLUTION 

1.  The  law  of  accelerated  development  In  action 

The  road  of  human  development  Is  colossal  In  scale  and  In  the 
depth  of  transformations .  On  all  stages  of  the  progress  of  human 
society  the  development  of  means  of  labor,  engineering,  and  technology, 
the  use  of  the  achievements  of  science  in  social  practice,  have  played 
an  outstanding  revolutionizing  role.  At  the  same  time,  the  social 
and  economic  conditions  themselves  have  influenced  to  a  decisive 
degree  the  tempo  and  nature  of  scientific  and  technological  progress. 
Perceiving  this  dialectical  connection,  Karl  Marx  wrote  in  "Capital": 
"Economic  eras  are  distinguished  not  by  what  is  produced,  but  by  how 
it  is  produced  -  by  the  means  of  labor.  The  means  of  labor  are  a 
measure  not  only  of  the  development  of  human  labor  and  capacity,  but 
an  index  of  those  social  relationships  under  which  work  is  accom¬ 
plished"*. 

The  rates  of  scientific  and  technological  progress  have  been 
noticeably  accelerated  in  the  last  three  centuries.  We  should  note  a 
circumstance  important  for  understanding  the  original  cause  of  this 
process:  the  accelerated  tempo  of  scientific  and  technological 
development  was  forced  by  the  accelerated  growth  in  the  population  of 
the  Earth  -  by  the  exponential  growth  in  the  requirements  of  humanity. 


*K.  Marx  and  P.  EngelB.  Writings,  Vol.  23,  p.  191. 
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In  its  turn,  scientific  and  technological  progress  itself  has  rendered 
a  positive  Influence  on  the  growth  and  expansion  of  the  variety  of 
requirements  of  social  man. 

The  most  important  feature  of  that  ’’internal  mechanism"  of 
scientific  and  technological  progress  which  made  It  possible  to 
guarantee  accelerated  rates  of  development  is  the  intensification  of 
connections  and  comprehension  of  interactions  between  science  and 
technology,  between  scientific  and  technological  progress  and  social 
production.  Formulation  of  this  mechanism  began  in  the  years  of 
early  history,  but  only  the  eras  of  the  first  industrial  revolution 
(XVIII  Century)  and  the  present  scientific  and  technological 
revolution  Introduced  qualitative  and  quantitative  innovation  into  the 
process  of  Interaction  of  science,  technology,  and  production,  raising 
science  to  the  level  of  a  direct  productive  force  and  bringing 
production  to  the  level  of  the  sphere  of  materialization  of  the 
"products"  of  scientific  knowledge. 

The  scientific  and  technological  revolution  of  the  second  half  of 
the  XX  Century  is  based  first  of  all  [1]  on  the  vast  achievements'" 
of  such  natural  sciences  as  mathematics  and  physics.  Mathematics, 
with  its  most  universal  methods  and  generalizations,  found  broad 
application  not  only  in  the  technical  sciences  and  physlCB  but  also 
in  biology  and  the  social  sciences.  In  particular,  mathematics  made 
it  possible  to  study  the  structure  of  the  nucleus  of  the  atom,  thus 
facilitating  (as  it  continues  to  do)  the  development  of  nuclear 
physics.  Such  branches  of  physics  as  electrical  engineering  and 
electronics  comprised  the  basis  for  development  of  more  effective 
swans  of  controlling  production  processes,  scientific  research, 
transport  devices,  etc.  Penetration  into  the  secrets  of  the  structure 
of  matter  -  splitting  of  the  atomic  nucleus  -  lead  to  the  production 
of  a  type  of  energy  new  in  principle  -  atomic  energy,  not  existing  in 
nature  in  "finished"  form.  Physical  methods  of  research  -  x-ray, 
the  electron  microscope,  the  use  of  tagged  atoms,  and  the  methods  of 
molecular  physics  -  permitted  deep  study  of  the  structure  of  matter 
and  its  mechanical,  electrical,  and  thermal  properties;  thus  they  gave 
a  perceptible  stimulus  to  the  development  of  the  chemistry  of  organic 
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synthesis.  The  methods  of  organic  synthesis  make  it  possible  to 
obtain  an  Innumerable  quantity  of  synthetic  materials  distinguished  by 
valuable  properties:  high  strength,  long  service  life,  low  density, 
resistance  to  the  action  of  aggressive  media,  etc. 

The  development  of  cybernetics  and  rocket  technology  also 
comprises  an  Important  feature  of  the  new  scientific  and  technological 
revolution  of  the  second  half  of  the  )’.X-th  Century.  Cybernetics  haB 
become  the  basis  for  automation  not  only  of  physical  labor  but  also 
of  mental  work.  The  achievements  of  rocket  technology  have  lead  to 
the  penetration  of  man  into  outer  space. 

Thus,  the  essence  of  the  contemporary  scientific  and  technological 
revolution,  generally  speaking,  consists  in  the  following: 

rapid  general  growth  of  technology  and  the  availability  of  power 
for  labor; 

specially  accelerated  development  and  ever  broader  practical 
application  of  automatically  operating  means  for  replacing  the 
physical  and  mental  labor  of  man; 

mastery  of  new  sources  of  energy  and  practical  utilization  of 
the  achievements  of  nuclear  physics; 

broad  use  of  the  achievements  of  chemistry,  in  particular  new 
materials  created  by  man  himself; 

successful  development  of  means  of  transport  and  communications 
which  bring  closer  the  most  distant  points  of  our  planet  and  open  the 
road  to  space  to  mankind; 

exceptionally  vigorous  development  of  science  (especially  its 
"frontier"  fields);  a  high  level  of  practical  results  of  scientific 
research,  raising  science  to  the  level  of  a  directly  productive  force. 

The  scientific  and  technological  revolution  of  the  second  half 
of  the  XX  Century  is  simultaneously  characterized  by  the  following': 
accelerated  rates  of  scientific  and  technological  progress,  inter¬ 
weaving  of  scientific  and  technological  problems,  a  growing  role  of 
science  in  the  solution  of  production  problems,  an  increase  in  the 


81 


level  of  scientific  leadership  of  the  economy,  and  in  the  socialist 
countries  -  all  of  the  social  and  economic  processes  of  social 
development  [53,  51*]- 

Historically  conditioned  and  regular  acceleration  of  rates  of 
scientific  and  technological  development  is  manifested  in  specific 
forms  which  are  essentially  different  but  which  are  always  important 
in  principle.  In  this  connection  it  is  important  to  turn  attention 
to  the  following  five  groups  of  characteristics  (from  the  point  of 
view  of  the  study  of  science)  of  the  contemporary  stage  of  scientific 
and  technological  progress. 

1.  As  science  develops,  such  scientific  events  of  principal 
importance  as  refinement  and  renovation  of  fundamental  views  and 
research  methods  and  establishment  of  scientifically  new  capabilities 
for  utilizing  laws  of  nature  which  have  been  learned  occur  at  an 
accelerated  pace.  Here  is  a  characteristic  chain  of  examples:  the 
Aristotelian  theory  of  gravitation  existed  for  over  2000  years; 

Newton’s  concept  waited  200  years  for  its  generalization  and 
essential  refinement;  the  atomic-corpuscular  theory  of  Dalton  and 
Avogadro,  based  on  the  concept  of  the  indivisibility  of  the  atom, 
determined  the  views  of  the  structure  of  matter  for  a  century;  the 
Rutherford  and  Bor  theory  of  atomic  structure  has  existed  now  for  about 
10  years. 

Figure  13  shows  data  which  indicate  how  the  renovation  of 
research  methods  ensured  a  growth  in  the  rateB  of  discoveries  of  new 
chemical  elements.  Figure  14  shows  how  the  renovation  of  the 
principles  of  acceleration  of  elementary  particles  ensured  accelerated 
growth  of  accelerator  energies,  and  thus  increased  the  cognitive 
possibilities  of  scientific  processes  based  on  their  use. 

2.  The  rates  of  innovation  of  applied  scientific  and  technological 
ideas  and  of  the  growth  of  the  final  resulting  parameters  of  the  new 
technology  are  increased;  the  time  required  for  industrial  realization 
of  scienti, ic  ideas  is  shortened  to  the  passage  "from  flask  to 
cistern. " 
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Fig’  13*  Diagram  of  the  dynamics  of  discovery  of  new 
chemical  elements. 


The  dynamics  of  the  growth  of  speeds  of  transport  equipment 
caused  by  the  introduction  of  new  operating  principles  is  shown  on 
the  diagram  in  Pig.  15. 

The  trend  toward  shortening  of  lag  -  the  time  required  to 
convert  from  laboratory  research  to  mass  production  of  various  types 
of  polymers  -  is  evident  from  the  data  in  Table  6#. 

Figure  16  presents  data  on  the  change  in  lag  times  over  a 
broad  circle  of  the  objects  of  scientific  and  technological  progress. 


•Compiled  by  G.  A.  Samoylov. 


83 


Fig.  14.  Rates  of  growth  in  the  power  of  elementary 
particle  accelerators. 
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Table  6. 


Polymer 

Year 

devel¬ 

oped 

Year 

produc¬ 

tion 

begun 

Duration 
of  lag, 
years 

Polystyrene . 

1839 

1930 

91 

Poly formaldehyde . 

1859 

1938 

99 

Polyvinyl  chloride . 

1872 

1935 

63 

Phenolformaldehyde  polvmer . 

1872 

1909 

37 

Polylsoprene . 

1879 

1956 

77 

Ureaformaldehyde  polymer . 

1884 

1925 

41 

Polyacrylonitrile . 

1893 

1943 

50 

Polycaprone  amide  (caprone) . 

1899 

1939 

40 

Pollbutadiene . 

1911 

1931 

20 

Polyundecane  amide  (Ril'san) . 

1935 

1950 

15 

Polyhexamethylene  adipinamine  (nylon) . 

1935 

1938 

3 
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Fig.  16.  Change  in  lag  times  in  the  course 
of  scientific  and  technological  progress. 


The  facts  presented  should  not  be  interpreted  as  evidence  that 
progress  of  science  and  technology  is  becoming  an  ever  simpler  and 
easier  affair.  It  is  precisely  the  opposite  -  every  step  forward 
in  scientific  and  technological  progress  is  connected  with  penetration 
into  ever  deeper  laws;  it  requires  the  application  of  ever  greater 
efforts  and  is  achieved  at  ever  greater  cost. 


This,  on  the  one  hand,  strengthens  the  value  of  the  trends 
expressed  by  the  discussed  data,  and  on  the  other  hand  it  gives  riBe 
to  a  group  of  new  characteristics  (from  the  point  of  view  of  the  study 
of  science)  of  scientific  and  technological  progress. 


3.  The  "mass"  and  "inertia"  of  organizational  forms  and  specific 
conditions  of  scientific  and  technological  development  have  grown:- 
the  depth  of  professional  specialization  is  intensified,  the  term  6t 
training  scientific  people  is  elongated,  the  fraction  of  long-term 
scientific  programs  and  the  total  volume  of  research  and  development 
grows,  and  the  complexity  and  capital  investment  of  experimental 
works  are  increased;  in  addition  the  information  situation  in  science 
is  enormously  complicated  and  the  equipment  of  the  scientific  process 
with  powerful  but  narrowly  specialized  instrumentation  grows,  etc. 
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The  rapidly  increasing  urgency  of  this  problem  can  be  illustrated 
at  least  by  that  fact  from  the  study  of  science  that  in  the  past 
decades  of  the  Twentieth  Century  each  doubling  of  new  results  in 
science  and  technology  (discoveries,  inventions,  new  research  data, 
newly  obtained  materials,  etc.)  was  accompanied  by  approximately 
four  doublings  of  the  volume  of  scientific  and  technological  informa¬ 
tion,  and  on  the  order  of  five  doublings  of  the  number  of  people  working 
in  science  and  more  than  six  doublings  of  the  means  being  applied  in 
science.  Although  the  direct  and  immediate  benefits  obtained  through 
the  ever  broader  application  of  the  final  results  of  scientific  and 
technical  progress  overlapped  by  many  times  and  in  growing  proportion 
expenditures  of  this  type,  spontaneous  development  of  this  process 
becomes  impossible. 

The  system  nature  of  scientific  and  technological  progress 
is  intensified  and  complicated.  Now  in  an  ever  greater  number  of 
caseB  the  idea  of  speaking  only  about  the  progress  of  technology  or 
of  an  individual  branch  of  science  becomes  meaningless.  As  a  rule  we 
are  dealing  with  a  unified  phenomenon  -  scientific  and  technological 
progress,  in  which  the  initiating  role  is  played  by  deep  scientific 
research.  At  present  vitally  important  connections  of  science  and 
technology  with  the  broader  economic  and  sociopolitical  systems  are 
especially  clear  and  sharply  felt.  The  perceptive  words  of 
Vladimir  Il'ich  Lenin,  taken  aB  the  epigraphTofthls  book ,  "The 
economist  must  always  look  ahead,  in  the  direction  of  the  progress  of 
technology;  otherwise  he  is  quickly  left  behind*...."  are  true  in  our 
era  as  never  before. 

5.  The  synthesizing  and  generalizing  characteristics  of 
contemporary  scientific  and  technological  forecasting  lie  in  the 
fact  that  in  our  day  science  is  being  converted  into  a  directly 
productive  force  of  society  over  an  ever  broader  front  and  in  an 
ever  more  active  form.  This  adds  a  feature  which  has  no  analog  in 
the  distant  past,  and  it  imposes  responsibility  on  those  who  are 
called  upon  to  accomplish  planning  and  control  of  scientific  and 
technological  development. 


•V.  I.  Lenin.  Complete  Collected  Works,  Vol.  5,  pp.  137-138. 
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The  simultaneous  action  oi'  the  cited  factors  itself  defines  the 
difficulty  of  controlling  the  complex  inertial  mechanism  of  scientific 
and  technological  progress.  The  changes  in  concepts  of  scientific 
and  technical  development  which  occurred  in  the  past  centuries  once  in 
100  years  or  once  in  30  years  can  now  catch  us  unaware  five 
times  more  often  —  every  20  years,  or  even  every  6-10  years  —  if 
decisions  made  on  the  paths  of  development  of  science,  technology, 
and  production  are  not  made  on  a  scientifically  based  level  of 
foresight . 
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Fig.  17.  Historical  trends  in 
changes  in  the  "lifetimes"  of 
technical  equipment  of  armaments. 


It  is  appropriate  here  to  bring  in  two  examples  which  argue  the 
position  stated  above.  One  of  these  (Fig.  17)  shows  [55]  the 
historically  accumulating  changes  in  the  "lifetimes"  of  technical 
means  in  armaments;  the  other  (Fig.  18)  presents  a  summary  of  data 
on  the  renewal  time  of  the  technical  characteristics  of  different 
types  of  industrial  production  emerging  on  the  world  marketplace. 


According  to  the  common  evaluation  made  in  the  study  of  science, 
the  requirement  of  socially  necessary  time  for  the  passage  of  a 
scientific  idea  from  the  stage  of  fundamental  and  exploratory  research 
through  the  stages  of  applied  research  and  experimental  design  work 
to  production  and  commercial  realization  of  new  types  of  production 
comprises  10-15  years;  of  these  6-8  years  are  expended  on  the  path 
from  applied  research  to  lot  production.  According  to  this  the 
contemporary  rate  of  renew?1  of  scientific  instrumentation  of  research 
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laboratories  is  evaluated  as  4-5  years*  and  frequently  even  less  [56]. 
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Fig.  18.  Time  required  for  a  change  in  the  technical  char¬ 
acteristics  of  various  types  of  industrial  production. 

The  time  factor,  always  playing  a  significant  role  in  the  social 
and  economic  life  of  society,  in  the  present  day  takes  on  a  special 
(and  without  an  analog  in  the  past)  significance  as  a  unique 
economically  conditioned  regulator  of  specific  processes  of  scientific 
and  technological  development.  The  principle  of  "better  late  than 
never,"  in  force  for  centuries  with  respect  to  scientific  and 
technological  creativity,  is  now  ever  more  frequently  and  imperatively 
being  replaced  by  the  principle  "either  on  time  -  or  don't  do  it," 
because  scientific  results  which  are  either  not  obtained  or  not 
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realized  in  time  with  an  interval  on  the  order  of  the  decade  can 
usually  be  obtained  from  scientific  and  technological  information  or, 
more  advisedly,  can  be  picked  up  in  the  form  of  a  license.  Students 
of  science,  formulating  the  criteria  of  selection  and  evaluation  of 
directions  of  scientific  research,  can  no  longer  be  satisfied  with  the 
traditional  criteria  of  simplicity,  refinement,  or  the  paradoxical 
nature  of  scientific  theories.  They  are  more  inclined  to  reJecFThe- 
thought  expressed  some  two  centuries  ago  by  the  Dutch  thinker 
Hamster  His:  "That  is  excellent,  which  gives  the  greatest  number  of 
ideas  in  the  shortest  space  of  time." 


In  view  of  the  action  of  the  law  of  accelerated  development  of 
science,  contemporary  society  has  for  the  first  time  been  given  the 
possibility,  based  on  the  achievements  of  science  and  technology,  of 
achieving  essential  increases  in  the  productivity  of  labor  and 
effectiveness  of  social  production  in  a  very  brief  historical  period, 
ensuring  that  production  corresponds  to  the  world  scientific  and 
technological  level,  and  making  production  competitive  in  the  world 
marketplace.  Organized  and  suitable  innovations  have  become  the  key 
point  in  economics  and  policy. 

2.  Economic  urgency  of  scientific  and  technological 
forecasting 

The  progress  of  science  and  technology,  playing  since  ancient 
times  an  Important  role  in  the  development  of  the  economy,  is 
characterized  in  the  era  of  the  contemporary  scientific  and  technol¬ 
ogical  revolution  not  only  by  vigorously  growing  rates  and  other 
quantitative  parameters.  There  has  occurred  an  orderly  transition 
of  quantity  to  a  new  quality  -  the  action  of  the  factor  of  scientific 
and  technological  progress  has  become  predominant  and  determining 
for  many  aspects  of  the  economics  of  production.  "...Science  and 
technology,"  in  the  sagacious  words  of  K.  Marx,  "give  working  capital 
the  ability  to  expand,  independently  of  its  given  quantity."* 


•K.  Marx  ar.d  P.  Engels.  Writings,  Vol.  23,  p.  619. 
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Science ,  having  received  the  call  to  become  the  "means  for  the 
production  of  riches,"  has  become  the  object  of  attention  of  economic 
science  over  an  ever  broader  spectrum  of  its  process.  Prom  the  sc  .'iy 
of  "the  out-of-plant  stage  of  preparation  of  production,"  in  which 
basic  attention  is  turned  to  the  stage  of  experimental  design  work 
and  mastery  of  new  technology,  economic  analysis  tends  to  expand  as 
a  whole  to  the  area  of  "scientific  production"  -  the  creation  of  the 
science  of  potential  consumer  costs  [57,  58,  59]. 

The  growing  economic  urgency  of  the  factor  of  scientific  and 
technical  progress  is  conditioned  both  by  the  high  rates  of  change  of 
the  means  of  labor  and  production  of  industry  (these  are  evaluated  on 
the  average  as  10-151  per  year,  with  rates  of  30*  in  the  "new"  branches 
and  about  7 t  in  the  "old”),  and  also  by  the  dominating  fraction  of 
direct  participation  of  scientific  and  technical  progress  in  the 
Increase  in  the  gross  national  product.  Comparative  data  on  the 
fraction  of  participation  of  technical  progress,  the  Increment  in  the 
lvbor  force,  and  the  fraction  of  fixed  capital  for  the  group  of 
economically  developed  European  capitalist  countries  in  the  1950's 
are  given  in  Table  7.* 

The  given  data  clearly  indicate  that  in  all  countries  which 
achieved  high  rates  of  development  of  production  in  the  1950 's  the 
scientific  and  technological  progress  factor  played  a  determining 
role  in  the  process.  The  experience  of  the  development  of  the 
majority  of  Socialist  countries  testifies  very  persuasively  to  the 


•Compiled  mainly  from  data  in  work  [60].  Cited  in  work  [6l], 
whiuh  presents  a  well-based  criticism  of  the  methodology  of  converting 
such  data;  however,  the  evaluation  of  the  role  of  the  factor  of 
technological  progress,  of  Interest  to  us,  is  not  changed.  The  term 
"gross  national  product"  (ONP)  indicates  that  earnings  from  the 
export  of  capital  have  been  excluded  from  the  national  product. 

Data  on  the  FRO  are  for  the  period  1950-1955  and  data  for  the 
remaining  countries  cover  1949-1959. 

We  calculated  the  fraction  of  the  scientific  and  technological 
progress  factor  in  the  increment  in  the  QNP  as  a  ratio  (in  percent) 
of  the  valuation  of  the  factor  of  scientific  and  technological 
progress  to  the  annual  increment  in  the  QNP. 
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same  thing.  According  to  the  evaluations  of  Soviet  experts,  every 
ruble  Invested  in  research  and  development  has  ensured  a  growth  in 
the  national  income  of  1.45  rubles  in  the  USSR;  this  is  approximately 
four  times  higher  than  the  corresponding  index  of  the  total  effective¬ 
ness  of  planned  expansion  of  industrial  funds  [V.  A.  Trapeznikov  - 
62]«.  T.  S.  Khachaturov  evaluated  the  effectiveness  of  capital 
investment  in  scientific  and  technological  education  as  four  times 
higher  than  the  total  effectiveness  of  financing  of  the  national 
economy  [63].  It  is  expected  that  as  the  result  of  the  use  of 
achievements  of  science  and  technology  in  the  national  economy  of  the 
USSR  in  1960-1970,  savings  in  labor  will  be  achieved  on  no  less  scale 
than  that  of  the  labor  occupied  in  production  in  i960  [64]. 

In  cqntemporary  conditions  economic  success  of  production  is 
achieved  not  only  by  the  rate  and  scales  of  deployment  of  production 
itself,  but  in  an  ever  greater  degree  by  the  rates  and  scales  of 
mastery  of  more  progressive  forms  of  production,  a  high  scientific  and 
technological  level  of  productive  forces,  by  the  presence  of  an  advance 
reserve  in  levels  of  industrially  mastered  technology,  design  and 
development  work,  and  prospects  for  subsequent  use  of  scientific 
research  [65]. 

In  contemporary  world  production,  these  scientific  research 
works  ever  more  frequently  are  called  the  "moving  forces  of  world 
leadership"  [66].  in  any  case  it  is  quite  well  known  that  undeF- 
estimating  research  and  bases  for  selecting  promising  scientific  and 
technical  policies  1b  the  principal  reason  that  in  the  last  50  years 
in  the  United  States  alone  some  66  out  of  the  100  largest  corporations 


•S.  Qolosovskiy,  in  calculating  this  evaluation  (Determination 
of  the  Economic  Effect  of  Scientific  Research  and  New  Technology, 
"Problems  in  Economics,"  1968,  No.  6,  pp,  75-85)  by  a  procedure  which 
takes  into  account  preceding  expenditures  and  their  dynamics,  derived 
somewhat  smaller  figures;  however,  these  are  also  3-4  times  greater 
than  data  on  the  average  effectiveness  of  capital  investment  in  the 
national  economy  as  related  to  the  compared  periods. 
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have  vanished  from  the  scene  [59].  The  fact  that  the  English  have 
lost  their  position  in  the  world  and  European  marketplaces  is  connected 
with  the  same  reason  [67]. 

*-  shall  introduce  several  instructive  examples*.  At  the  end  of 
the  war  English  specialists ,  predicting  prospective  designs  of 
automobiles,  give  a  negative  evaluation  of  the  idea  of  creating  a 
small  automobile  with  the  motor  located  in  the  rear.  In  particular, 
this  was  the  basis  for  the  English  refusal  to  accept  as  reparations 
the  initial  documentation  of  the  German  design  of  the  "Volkswagen." 
After  12-15  years  this  technical  decision  was  the  reason  for  the 
severe  losses  suffered  by  a  number  of  English  and  also  American 
firms  on  the  world  market. 

Enormous  losses  followed  the  error  by  experts  of  the  firm 
"IBM,"  who  underrated  the  prospects  for  lot  production  of  the  IBM 
*ENIAC"  and  the  use  of  disk  memories  in  electronic  computers.  While 
the  firm  managed  after  10  years  to  correct  these  errors  [although 
they  caused  large  losses),  nonetheless  because  of  failure  to  properly 
evaluate  the  prospects  for  creating  an  operationally  effective  multiple 
copying  device  the  firm  "IBM"  lost  part  of  its  market.  It  was  taken 
over  by  the  production  of  the  firm  "Xerox,"  which  although  less 
powerful  in  the  financial  respect  did  make  the  proper  decisions  in 
good  time. 

The  postwar  prediction  of  the  promise  in  scientific  and 
technological  progress  in  the  production  of  synthetic  fibers  was 
justified  up  to  a  level  of  90S ;  this  made  it  possible  for  a  number  of 
firms  to  concentrate  research  efforts  in  a  timely  manner  and  to 
achieve  great  economic  success  [69].  Investigators  of  the  interna¬ 
tional  experience  in  scientific  and  technological  forecasting  have_corr- 
rectly  noted  the  outlined  tendency  to  an  Increase  in  accuracy  of 
forecasts  -  a  growth  in  the  number  of  validated  predictions  [69]. 


•An  extensive  collection  of  successful  and  unsuccessful  forecasts 
can  be  found  in  the  work  by  I.  D.  Ivanov  [67].  The  data  on  the 
forecasts  examined  here  were  taken  from  it. 
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Remark.  The  year  of  the  event  is  in  parentheses.  The  asterisk  is  used  to  mark  successes 
achieved  earlier  than  might  be  expected.  Italics  indicate  achievements  of  science  and 
technology  which  were  not  predicted-. 


This  circumstance  can  be  illustrated  by  the  summary  table  of  scientific 
and  technological  progress  in  the  1950 's  (Table  8)  compiled  by 
I.  D.  Ivanov  from  data  in  the  American  magazine  "Fortune"  for 
January  1959,  relating  mainly  to  postwar  forecasts  of  our  time. 

Below  we  will  also  give  prediction  data  on  the  development  of  science 
and  technology  in  1959  and  I960,  published  in  the  same  source. 


Forecasts  of  the  Development  of  Science  and 
Technology  in  1959  and  the  Beginning  of  the  I960  s 

Synthesis  of  chlorophyll 
•*25  MeV  accelerator 

••Operations  on  animals  with  "artificial  heart"  equipment 

Machine  translation  _  _  _  _ 

Predetermination  of  sex  at  conception 

••Flight  at  a  speed  of  3600  miles/hour 
••Satellites  on  the  Moon,  Mars,  Venus 
••Rocket  with  a  lift  of  one  million  pounds 
••Battery-powered  television 
••Communications  by  satellite 
••Ultrasound  cleaning 
Thermal  electroelements 

••Merchant  ship,  aircraft  carrier,  and  aircraft  with  atomic 
engines 

••Fuel  elements 


Middle  1960's 

Radiotelescope  investigation  of  the  "edges"  of  visible  portion 
of  the  Universe 

Borehole  to  the  boundary  of  the  Earth's  core 
Achievement  of  a  temperature  of  100,000,000°C 
••Antimissile  missile 
••Manned  satellite 

••Electronic  computer  with  superhuge  memory 
••Military  vertical  takeoff  aircraft 

Essential  improvement  in  weather  forecasting 
••Radiation  treatment  of  foodstuffs  for  prevention  of  spoilage 
••Gas  turbine  on  motor  vehicles 
••Illuminating  panels  for  homes 

16  * 


End  of  the  1960's 


Synthesis  of  insulin 

Controlled  mutation  of  plants  and  animals 

Direct  experimental  conversion  of  nuclear  energy  into  electrical 
Vast  achievements  in  the  treatment  of  cancer,  arteriosclerosis, 
and  mental  disorders 

**New  polymer  materials,  alloys,  and  ceramics 
Electronic  blocking  on  the  highway 
••Television  sets  suitable  for  hanging  on  the  wall 
••Communication  satellites 
••Piloted  spaceship 

Bemark.  The  sign  ••  indicates  predictions  which  have  been  validated 
at  the  present  time. 

Forecasting  and  calculation  of  prospects  for  scientific  and 
technological  progress  take  on  ever  greater  value  in  mathematical 
models  of  the  growth  of  production,  developed  by  contemporary 
econometry.  One  of  the  Cobb-Douglas  functions  used  with  confidence 
by  bourgeois  economists  [70]  has  the  following  form: 

P  -  CKaNbert, 

where  P  is  the  volume  of  the  gross  national  product;  C  is  a  proportion¬ 
ality  factor  normalizing  over  the  various  branches;  K  represents  the 
amount  of  capital  of  the  investigated  branches  of  industry;  N  is 
the  quantity  of  labor;  e  is  the  base  of  natural  logarithms;  a  and  b 
are,  respectively,  the  coefficients  of  partial  elasticity  of  the 
volume  of  production  with  respect  to  capital  and  to  labor  (usually 
taken  as  a  +  b  -  l,  where  a  -  1/3  and  b  -  2/3);  r  is  the  annual  norm 
of  independent  issue  of  production  conditioned  by  the  factors  of 
scientific  and  technological  progress;  and  t  is  time.  For  the  period 
1922-1939  in  the  scales  of  capital  production  of  the  Western 
Europena  countries,  r  comprised  a  quantity  of  0.131  per  year  [71].' 

Now  it  is  taken  as  equal  to  2.25J  and  even  3.381  per  year  [70). 

In  the  Stone-Brown  econometric  model,  developed  for  forecasting 
by  English  economists,  it  is  proposed  that  such  a  coefficient  be 
derived  not  by  extrapolation  from  the  past  (this  is  reasonable, 
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especially  considering  the  instability  of  the  capitalist  economy), 
but  by  computation  on  the  basis  of  independent  forecasts  of  an 
evaluation  of  requirements  and  trends  of  future  developments.  "It  is 
important  to  keep  constantly  in  mind,"  write  the  authors  of  the  model, 
"that  the  connections  and  coefficients  of  the  model  be  oriented  to  the 
future,  and  not  to  the  past  or  present.  There  is  no  way  that  any 
purely  econometric  technique  based  on  analysis  of  past  industry  could 
fully  satisfy  us.  In  this  connection  we  emphasize  in  particular  the 
need  for  cooperation  of  the  research  efforts  of  economists, 
statisticians,  and  engineering  and  technical  personnel"  [72]. 

This  important  and  complex  methodological  problem  still  awaits 
it  solution.  At  present  the  evaluation  made  in  1962  by  the  outstanding 
American  economist  R.  Heilbroner  remains  in  force:  "We  still  do  not 
have  an  acceptable  theory  of  scientific  and  technological  progress 
and  the  changes  connected  with  it,  and  even  to  a  lesser  degree  -  a 
theory  of  universal  technical  and  economic  models"  [74]. 

In  recent  yearB  the  problems  of  scientific  and  technological 
forecasting  have  attracted  ever  Inore  constant  attention  of  Soviet 
economists  [75,  76,  77].  It  is  known  [78]  that  about  3/4  of  the 
growth  of  productivity  of  labor  and  more  than  1/2  of  the  reduction  in 
cost  of  industrial  production  in  the  USSR  is  achieved  through  measures 
aimed  at  realizing  scientific  and  technological  progress  in  production. 
It  has  been  calculated  that  if  we  introduce  into  the  designing  of  new 
coal  establishments  the  met)'  ods  which  take  into  account  the  basic 
forecasts  on  specific  prospects  for  development  of  coal-mining 
technology  ("Library  of  Characteristics  of  Future  Equipment"),  the 
reduction  in  the  volumes  of  work  on  subsequent  reconstruction  of 
these  establishments  and  the  optimizing  of  their  operating  conditions 
can  result  in  Bavings  on  the  order  of  80-100  million  rubles  per  year 
on  the  scale  of  the  coal  industry  of  the  UkrSSR  alone.  This  is 
approximately  equal  to  the  volume  of  capital  investment  in  the 
construction  of  two  new  coal  shafts  with  an  annual  productive  capacity 
on  the  order  of  one  million  tons*.  Specialists  are  turning  their 


•The  evaluation  was  made  together  with  DONUGI  coworkers  A.  M. 
Arabadzhev  and  0.  F.  Shukin. 
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attention  also  to  the  fact  that  accelerating  by  one  year  the  rates 
of  mastering  new  results  of  science  and  technology  accumulated  in  the 
USSR  can  give  a  total  national  economic  effect  on .the  order  o  5- 

blllion  rubles*. 

In  the  conditions  of  Socialist  society,  creatively  striving  to 
construct  its  entire  life  on  a  truely  scientific  basis,  scientific 
and  technological  forecasting  has  the  fundamental  nature  of  a 
prospect  for  acquiring  an  objective  character  and  reflecting  the 
public  interest.  The  economic  reforms  now  being  accomplished  in  many 
Socialist  countries  present  new  urgency  in  the  requirement  for 
sound  scientific  foundations  and  flexibility  for  the  leadership ;  they 
intensify  the  role  of  economic  factors  in  the  methodology  of 
scientific  and  technological  forecasting,  stimulate  orientation 
of  forecasting  toward  a  definite  path  of  more  rapid  growth  of 
productivity  of  labor  and  increasing  the  profitability  of  public 
production  on  the  basis  of  realising  promising  directions  of  scienti 

and  technological  development. 

The  experience  of  realizing  measures  for  accelerated  scientific 
and  technological  progress  of  production  in  conditions  of  economic 
reform  attests  to  the  fact  that  the  possibilities  found  in  the  new 
system  of  management  are  far  from  completely  used  at  present  Some 
economists  and  managers  fear,"  noted  S.  M.  Yampol’skiy,  that  the 
charging  of  funds  and  •  primarily  according  to  an  index 

of  profitability  can  reduce  the  rate  of  Introducing  new  equipment  and 
slow  technological  progress.  There  are  cases  of  rejecting  earl  er- 
ordered  equipment.  This  phenomenon  has  two  sides:  a  positive  side, 
when  an  enterprise  reduces  baseless  orders  for  equipment  and  ensures 
further  growth  of  production  by  the  best  use  of  existing  equipment, 
and  a  negative  side,  when  fear  of  a  drop  in  profits  results  in 
rejecting  required  renovation  of  equipment  [78]. 


•This  is  the  evaluation  of  V.  P.  Fomin,  a  specialist  of  the 
Qoskoraitet  of  the  CM  of  the  USSR. 
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Solution  of  this  problem  is  possible  only  on  the  basis  of  a 
complex  of  measures  rooted  both  in  traditional  economic  levers  (price 
policy,  interest  rates,  order  of  calculation  and  distribution  of 
profits,  the  system  of  planned  production  indices,  stimulation  and 
material  provision  for  measures  of  scientific  and  technical  progress, 
etc.),  and  also  in  the  newly  formulated  methods  of  future  planning, 
economic  and  scientific  and  technical  forecasting. 

We  share  completely  the  point  of  view  of  Soviet  economists, 
according  to  which  "national  economic  forecasting  represents  the 
unity  of  fairly  independent  complex  problems,  each  of  which  has  its 
own  intrinsic  content,  along  with  external  connections  and  relation¬ 
ships  Joining  the  different  parts  into  a  unified  system"  [76]. 

A  list  of  complex  problems  of  national-economic  forecasting,  in 
which  scientific  and  technological  forecasting  was  assigned  an 
exceptionally  important  place,  was  formulated  in  the  recommendations 
of  the  scientific  meeting  "Methodological  Problems  of  Long-Term 
Economic  Forecasting,"  held  in  1966  by  the  Oosplan  of  the  USSR  and  the 
Academy  of  Sciences  of  the  USSR.  They  are  outlined  below  [79]. 

Economic  aapeota  of  aoiantifio  and  technological  progress.  In 
studies  of  this  area  the  scientific  and  technological  problems  of 
different  classes  should  be  separated;  these  Include  problems  which, 
in  principle,  are  of  a  completely  new  type  and  have  particularly  long¬ 
term  value  -  for  example,  in  the  field  of  high-energy  physics  -  as 
opposed  to  problems  of  the  near  future.  It  Is  necessary  to  develop 
economic  indices  which  reflect  the  influence  of  scientific  and 
technological  progress  on  production,  elevation  of  its  effectiveness, 
and  the  needs  of  the  population. 


Economic  aapeota  of  foraoaating  natural  resources .  Study  in  this 
area  proposes  to  evaluate  natural  materials  (useful  minerals,  soil, 
fresh  water,  forest  wealth,  resources  of  the  oceans,  rivers,  etc.)  and 
the  possibilities  of  involving  them  in  public  production.  Here  the 
forecasting  of  natural  resources  should,  in  principle,  precede 
development  of  actual  economic  forecasts. 
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Economic  aspects  of  forecasting  population  and  its  rational 
employment.  The  development  of  these  problems  must  be  based  on 
simulation  of  demographic  processes,  studies  of  population  migration 
and  its  directions,  analysis  of  labor  resources  as  a  whole  over  the 
country  and  their  makeup  with  respect  to  economic  regions,  and  study 
of  the  conditions  for  increasing  the  effectiveness  of  utilization  of 
labor  resources. 


The  problem  of  reproduotion  of  oapital  funds  and  capital  inveet- 
mente.  Here  it  is  necessary  to  study  the  following:  resources, 
technical  parameters,  structure,  and  growth  of  capital  industrial 
funds  and  clarification  of  reserves  for  their  better  use;  the  composi¬ 
tion  of  nonindustrial  capital  funds;  the  scale,  structure,  and  degree 
of  use  of  revolving  funds  and  the  possibility  of  better  expenditure 
of  raw  materials,  materials,  energy,  waste  products,  etc.  Besides 
this,  it  is  necessary  to  provide  analysis  of  the  investment  process 
in  the  USSR  -  to  uncover  its  role  in  realizing  long-term  programs  of 
scientific  and  technological  progress. 

Then  there  are  the  probleme  of  ooneumption  and  living  etandarde 
of  the  population,  eoonomio  requiremente  of  external  trade,  financial 
aepeot.  and  price.,  summary  prob  lemeT^f^i  dynami^of~ihe  national 
economy,  probleme  of  forecasting  development  and  arrangement  of  the 
branches  of  the  national  economy.  Solution  of  the  main  branch,  regional, 
and  large  inter-branch  problems  is  recognized  as  one  of  the  most 
important  tasks  of  research  work  on  economic  forecasting. 

At  all  steps  and  stages  of  forecasting  account  should  be  taken 
also  of  the  principal  circumstance  that  from  the  point  of  view  of 
complex  prediction  the  prospect  of  socioeconomic  development  of 
scientific  and  technological  forecasting  is  extremely  important  and 
specific,  but  nonetheless  it  is  only  a  structural  element  of  a  broader 
system.  In  view  of  such  a  position  (Pig.  19),  an  urgent  need  exists 
for  complex  connection  of  forecasts  of  the  development  of  science  and 
technology  with  prospective  resources  and  development  of  the  economy 
and  social  life  of  the  country  predicted  by  various  special  methods. 
Solutions  which  are  made  on  the  basis  of  predicted  data  should 
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correspond  to  the  social  goals  of  our  entire  society.  Therefore  they 
must  be  balanced  with  the  economic  and"  scientific- potential  of  a  region 
(the  nation,  a  republic,  a  zone,  etc.)  and  with  the  mineral  raw 
material,  power,  productive,  and  demographic  resources. 


forecasts  in  the  structure 
of  complex  prediction  of  the 
future . 

In  the  cited  circumstances  tlere  appears  not  a  formal,  but  a 
deep  methodological  connection  of  scientific  and  technological  fore¬ 
casts  which  are  specific  in  their  form  and  purposes  with  economics 
and  a  broad  circle  of  problems  of  social  and  economic  forecasting. 

3.  Forecasting  and  planning  in  control  of  scientific 
and  technological  progress 

Increasing  the  standard  of  living  of  the  people  and  guaranteeing 
the  economic,  defense,  and  scientific  and  technological  potential  of 
the  country  comprise  the  essence  and  content  of  the  basic  goals  of 
Socialist  production.  The  entire  matter  of  controlling  scientific  and 
technological  progress  in  the  Soviet  Union  is  oriented  toward  ensuring 
rapidly  growing  public  requirements.  Here  the  main  economic  problem 
of  our  country  at  the  contemporary  stage  of  development  was  formulated 
by  the  XXIII  Congress  of  the  CPSU  as  follows:  "On  the  basis  of  the 
manifold  utilization  of  achievements  in  science  and  technology. 
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industrial  development  of  the  entire  public  production, 'increasing  its 
effectiveness  and  the  productivity  of  labor,  to  ensure  the  further 
significant  growth  of  industry,  a  high  stable  rate  of  development  of 
agriculture,  and  thus  to  achieve  an  essential  raising  of  the  standard 
of  living  of  the  people,  the  most  complete  satisfaction  of  material 
and  cultural  requirements  of  the  entire  Soviet  people"*. 

Thus,  scientific  and  technological  progress  is  assigned  one  of  the 
leading  places  and  guiding  roles  in  the  solution  of  the  major  economic 
problem  of  our  nation.  Soviet  science  can  justify  these  hopes  of 
society  only  on  the  basis  of  mastery  of  the  principles  of  planned 
development  and  scientifically  founded  methods  of  control  of  the 
entire  spectrum  of  scientific  progress  -  from  fundamental  research 
and  exploratory  works  through  applied  research  and  experimental 
design  development  up  to  mastery  of  the  production  of  new  and  more 
progressive  objects  of  scientific  and  technological  progress  [80,  81]. 

In  converting  into  a  directly  productive  force,  science  regularly 
and  ever  more  urgently  requires  scientifically  based  approaches  to 
the  realization  of  each  of  the  basic  functions  of  control  of  scientific 
and  technological  progress:  the  selection  of  goals  and  planning, 
organization  of  performance,  distribution  of  resources,  analysis  and 
monitoring  of  the  course  of  performance,  timely  inclusion  of  controlling 
actions  corresponding  to  the  goals  and  situation  (correction  of  goals, 
plans,  and  performance  organization,  redistribution  of  resources, 
introduction  of  new  performance  incentives,  perfection  of  methods  of 
monitoring  and  types  of  responsibility). 

Scientifically  based  control  is  assigned  the  task  of  optimizing 
the  proportions  and  development  of  Individual  subsections  of  scientific 
and  technological  progress  and  ensuring  the  maximum  results  with  the 
resources  and  capital  investments  available  under  the  conditions  of  a 
given  country. 


•Materials  of  the  XXIII  Congress  of  the  CPSU.  M.,  Politizdat, 

1966,  p.  228. 
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There  is  one  very  significant  sign  which  singles  out  scientifically 
well-founded  and  effective  control  from  actions  which  are  similar  in 
form  but  are  more  accurately  called  corrections.  This  criterion  is 
the  timeliness  with  which  decisions  are  made  and  with  which  one  or 
another  controlling  action  is  taken.  In  order  to  better  clarify  the 
dependence  of  effectiveness  of  control  of  scientific  and  technological 
development  on  the  timeliness  and  tardiness  of  decisions,  we  shall 
turn  to  the  following  example. 

It  is  known  that  the  effectiveness  of  any  direction  of  scientific 
research  or  technical  development  is  characterized  by  alternation  of 
periods  of  accelerated  growth  with  periods  of  relatively  slow  rates  in 
obtaining  new  positive  results.  Such  changes  were  evident  in  the  rateB 
of  discovery  of  new  chemical  elements,  increasing  the  power  of 
elementary  particle  accelerators,  growth  in  the  efficiency  of  railroad 
prime  movers,  aircraft  speeds,  etc.  (see  Pigs.  2,  14,  15,  16)*.  in 
each  case  a  new  rise  required  transition  to  new  methods  of  research, 
or  to  new  principles  of  acceleration  of  particles,  or  to  engines  of 
types  which  were  new  in  principle. 

Figure  20  shows  that  if  a  suitable  type  of  decision  i3  made  and 
realized  In  a  timely  manner,  the  decisive  prerequisites  for  ensuring 
total  effectiveness  of  scientific  and  technological  policy  are  created 
The  points  on  the  diagram  designate  the  moment  of  bending  of 

the  curve  of  growth  of  results,  after  which  development  along  new 
directions  follows  rapidly,  so  that  at  the  moment  when  old  capabilities 
are  exhausted  the  new  approaches  provide  the  required  force.  Points 
C  and  E  designate  situations  with  clearly  expressed  unsatisfactory 
results  of  scientific  and  technological  development.  Solutions  made 
in  these  conditions  are  already  too  late»f.  Their  realization  amounts 


•In  the  theory  of  "growth  curves"  developed  by  the  contemporary 
science  of  measurements,  such  regular  processes  are  characterized  by 
enveloping  curves  or,  to  be  more  exact,  by  a  system  of  exponents  with 
different  values  of  growth  coefficients  (hypothesis  of  V.  V.  Nalimov 
and  Z.  M.  Mul'chenko)  [168]. 

•*W.  Rekus,  a  forecaster  "from  the  0DR,  considers' on  the  basis  of  a 
similar  approach  that  it  is  possible  to  evaluate  the  summary  effective¬ 
ness  of  forecasts  Introduced  into  the  practice  of  control  of  scientific 
and  technological  development  [82]. 


more  to  current  correction  of  errors  than  to  effective  control. 


Investigations  begun 
with  a  delay 


Timely  beginning 
of  new  research 


Fig.  20.  Characteristics  of  two  general  trends  of 
scientific  and  technological  development.  1  —  With 
control  which  guarantees  timely  solution  with  respect 
to  predicted  information;  2  —  the  same,  for  the  case 
when  the  solution  is  taken  with  a  delay. 


Here  it  is  appropriate  to  clarify  our  concept  of  the  relationship 
of  forecasts  and  plans  in  the  process  of  controlling  scientific  and 
technological  development.  The  concept  of  the  forecast  has  already 
been  discussed  circumstantially  in  the  preceding  chapters.  The  plan 
is,  with  respect  to  forecast,  a  concluding  stage  of  the  process  of 
making  decisions  —  a  result  of  the  selection  of  one  or  another  of  the 
possible  variants  of  development.  The  plan  has  a  nature  which  differs 
from  that  of  forecast  in  principal  points.  It  fixes  certain  selected 
goals  and  paths  of  development,  contains  a  system  of  organizational 
and  economic  measures  to  guarantee  achievement  of  the  stated  goals, 
and  also  includes  directive  assignments  addressed  to  specific  managers 
(mandatory  assignments)  with  Indication  of  the  volume,  period  of  time, 
and  stages,  as  well  as  the  form  of  monitoring  their  performance. 


The  experience  of  our  country  makes  it  possible  to  note  three 
basic  types  of  interaction  of  forecasts  with  plans:  forecasting  is 
the  most  important  part  of  preplan  preparation  (this  is  the  basic  type 
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of  connection);  forecasting  Is  used  for  janalysis  of  the  course  and 
prospects  of  fulfilling  specific  plans;  and  the  aftereffects  of 
fulfillment  or  nonfulfillment  of  plans  for  scientific  and  technological 
development  are  predicted. 

Contemporary  scientific  forecasting  has  not  only  significantly 
expanded  the  region  of  its  application  and  incomparably  refreshed  and 
renewed  the  arsenal  of  methods  for  predicting  future  science  and 
technology.  No  less  important  is  the  fact  that  forecasting  has  taken 
on  the  character  of  a  systematic  comparative  analysis  of  trends  and 
levels  of  development,  continuous  evaluation  and  refinement  of 
prospects.  On  the  basis  of  completely  understood  objective  laws  and 
trends  of  development,  it  makes  it  possible  to  formulate  alternatives 
for  development  and  to  evaluate  the  conditions  required  to  achieve 
different  possible  goals.  Thorough  development ~of  predicted  variants 
of  development  is  one  of  the  most  important  elements  for  improving  the 
scientific  foundation  of  planB. 

However,  with  all  the  value  of  forecasting  it  is  obvious  that  no 
matter  how  perfect  the  scientific  and  technological  forecasts,  some  of 
the  data  obtained  with  their  help  will  still  be  insufficient  to  make 
decisions  in  the  form  of  state  plans  for  scientific  and  technological 
development  -  an  even  more  so  in  the  case  of  plans  for  agriculture 
and  plans  for  achieving  prospective  social  goals  of  social  development. 

Scientific  and  technological  forecasts,  as  we  have  already  noted, 
comprise  a  subsystem  which  is  specific  with  respect  to  objects,  goals, 
and  methods  within  the  broader  system  of  forecasts  which  Includes  the 
forecasting  of  natural  and  demographic  resources  along  with  economic 
and  social  forecasting.  Information  obtained  from  all  types  of 
forecasts  i3  analyzed  critically  and  is  used  during  the  compilation  of 
state  plans  along  with  other  data  which  reflect  national  and  inter¬ 
national  Interests,  the  political  circumstances  of  the  government, 
etc . 


The  concept  of  scientific  and  technological  forecasting  as  one  of 
the  most  Important  prerequisites  is  soundly  scientifically  based; 
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particularly  in  the  case  of  prospective  planning,  it  has  found  broad 
state  application  in  our  country  in  recent  years. 

In  1965,  addressing  the  meeting  of  the  Gosplan  of  the  USSR,  the 
President  of  the  Council  of  Ministers  of  the  USSR  A.  N.  Kosygin  stated: 
"Can  we,  in  our  agricultural  plans,  ignore  the  soundly  based  forecasts 
relating  to  the  future?  No,  we  cannot.  Planning  —  this  is  a  science 
which  should  absorb  all  scientific  and  technological  achievements  and 
progressive  ideas.  Otherwise  the  plan  will  not  be  responsive  to  the 
assignments  which  are  set  by  the  Party  and  the  Government.  Therefore 
discussion  of  scientific  forecasts  must  precede  the  development  of 
plans  for  the  development  of  branches  of  the  national  economy .... 

We  must  have  at  our  disposal  scientific  forecasts  on  the  development 
of  each  branch  of  industry  in  order  that  we  know  beforehand  the 
forward,  progressive  path  —  to  know  in  which  direction  to  develop  the 

plan"  [83] - 

It  is  Important  to  emphasize  that  the  concept  being  developed  in 
our  country  of  scientific  and  technological  forecasting  is  recognized 
also  in  connection  with  the  planning  of  fundamental  and  theoretical 
research  to  be  conducted  by  the  collectives  of  scientists  of  the 
Academy  of  Sciences  of  the  USSR  and  at  the  Academies  of  Science  of 
the  Union  Republics.  In  1968,  addressing  the  general  assembly  of  the 
Academy  of  Sciences  of  the  USSR,  the  President  of  the  Academy  M.  V. 
Keldysh  noted:  "...forecasts  of  the  development  of  the  most  important 
branches  over  more  prolonged  periods  are  taking  on  greater  significance. 
Five-year  plans  must  not  only  solve  problems  of  the  given  five-year 
period,  but  must  also  prepare  future  development"  [84]. 

Obviously,  in  the  future  forecasting  will  make  it  possible  to 
turn  our  current  five-year  plans  into  stages  of  achievement  of  broader 
(10-15  years)  prospects,  fixed  in  accordance  with  long-term  plans  of 
scientific,  technological,  economic,  and  social  development. 

With  respect  to  problems  of  complex  exploratory  research,  the 
President  of  the  Ukrainian  Academy  of  Sciences,  B.  Ye.  Paton,  emphasized 
the  role  of  forecasting  in  the  analysis  of  the  prospects  and  evaluation 
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of  the  importance  of  different  research  works  and  their  specific 
stages  [80].  However,  as  he  accurately  noted,  "the  organization  of 
scientific  forecasting,  especially  in  the  sphere  of  development  of  the 
most  important  complex  fundamental  research,  is  still  in  an  unsatis¬ 
factory  state  here.  It  is  for  precisely  this  reason  that  the 
Ukrainian  Academy  of  Sciences  is  undertaking  specific  steps  in  this 
direction:  scientific  collectives  are  being  created  which  have  begun 
work  in  the  field  of  the  methodology  of  science  and  scientific 
forecasting"*. 

In  the  last  3-4  years  the  business  of  scientific  and  technological 
forecasting  has  developed  at  a  clearly  accelerating  pace  in  the  USSR. 
Scientific  symposia  on  this  problem  conducted  in  1966-1968  in  Kiev 
and  in  Moscow  drew  the  attention  of  thousands  of  participants  from 
practically  all  centers  of  scientific  and  technological  progress  in 
our  country.  On  the  level  of  branch  scientific  research  institutes 
and  main  design  and  construction  organizations,  and  also  in  the 
structure  of  many  branch  Institutes  of  scientific  and  technical 
information  and  technological  and  economic  research  we  see  everywhere 
the  creation  of  the  laboratory  and  the  group  of  specialists  profession¬ 
ally  occupied  with  analysis  of  trends,  comparative  evaluation  of 
levels,  and  forecasting  of  scientific  and  technological  development. 

Work  on  scientific  and  technological  forecasting  is  taking  on 
an  ever  more  complex  character.  We  have  seen  a  ripening  of  urgent 
requirements  and  of  real  possibilities  for  uniting  them  into  a 
single  harmoniously  operating  system.  A  proposal**  for  a  system  of 
thi3  type  for  Interconnected  forecasts  of  work  on  a  nationwide  scale 
is  illustrated  by  the  sample  diagram  shown  in  Table  9.  A  different 

•For  solution  of  these  problems  there  was  created  a  special 
scientific  subsection  -  The  Department  of  Complex  Problems  of  the 
Study  of  Science,  under  the  Council  on  the  Study  of  Productive  Forces 
of  the  UkrSSR,  Ukrainian  Academy  of  Sciences;  its  composition  includes 
structural  research  departments  -  theoretical  fundamentals  of  the 
study  of  science,  scientific  and  technological  forecasting,  analysis 
of  scientific  potential,  economic  science. 

••Developed  by  a  group  of  specialists  at  TsNIIPI  [Central  Scientific 
Research  Institute  of  Patent  Information  and  Technical  and  Economic 
Research]  (R.  P.  Vcherashniy,  V.  A.  Obukhov,  et  al.)  [65].  Presented 
here  with  our  additions. 
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possible  scheme  of  organizing  the  cooperation  of  collectives 
accomplishing  the  development  and  utilization  of  different  types  of 
forecasting  materials  is  presented  on  Pig.  21.  This  proposal*  relates 
to  specific  conditions  in  the  Ukrainian  SSR.  However,  in  our  opinion 
its  basic  idea  can  be  interpreted  and  applied  on  a  broader  scale. 

On  the  tentative  diagrams  presented,  the  system  of  connections, 
forecasts,  and  plans  called  upon  to  cooperate  to  increase  the  effective¬ 
ness  of  total  state  plans  for  the  development  of  the  national  economy 
of  the  USSR  is  clearly  evident;  these  plans  include  the  realization 
in  action  of  a  single  nationwide  scientific  and  technological  policy. 

Although  the  theory  and  existing  experience  of  scientific  and 
technical  forecasting  are  still  far  from  perfection,  the  contemporary 
level  of  knowledge  in  ti  is  field  permit  (and  the  actual  requirements 
of  life  make  urgent)  the  '•ealization  of  broadly  stated  practical 
works  on  forecasting  the  most  important  directions  of  scientific  and 
technological  progress. 

The  complex  forecast  organized  by  the  Qoskomitet  of  the  Council 
of  Ministers  of  the  USSR  on  Science  and  Technology  in  the  region  of 
prospects  for  development  of  power  engineering,  transport  technology 
and  transport  nets,  and  also  on  the  fuel  and  energy  balance  of  the 
USSR  and  a  number  of  other  urgent  national  economic  problems  are 
deserving  of.  the  high  evaluation  of  the  community  and  of  specialists. 
The  ever  closer  connection  of  research  on  scientific  and  technological 
forecasting  with  developments  of  collectives  of  scientific  economists 
and  specialists  on  social  forecasting,  noted  in  our  country,  can  be 
considered  a  progressive  phenomenon. 


•Developed  under  the  leadership  of  the  author  by  a  group  of 
specialists  in  the  Section  on  Scientific  and  Technological  Forecasting 
of  the  Department  of  Complex  Problems  in  the  Study  of  Science, 
Ukrainian  Academy  of  Sciences  (L.  P.  Smirnov,  Yu.  V.  Yershov,  et  al.). 
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of  the  organization  and  utilization  of  predicted  developments  In  the  UkrSSR 
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Pig.  21.  Diagram  of  the  organization  of  forecasting  work  in  the 
Ukrainian  SSR  (draft). 


Soviet  scientists  accomplish  a  broad  exchange  of  experience  with 
forecaster-colleagues  from  the  Socialist  countries.  International 
meetings  and  scientific  conferences  are  held.  Forecasting  developments 
are  conducted  within  the  framework  of  the  appropriate  scientific 
research  programs  of  the  various  countries  which  are  participants  in 
the  Council  for  Mutual  Economic  Aid.  We  are  convinced  that  in  the 
conditions  of  the  Socialist  countries  there  are  special  favorable 
prospects  for  the  creation  of  a  deeply  based  system  of  scientific, 
technological,  economic,  and  social  forecasts  which  will  serve  the 
matter  of  building  socialism  and  Communism*. 

In  the  German  Democratic  Republic  there  is  substantial  experience 
in  complex  development  of  forecasts  of  national  economic  development, 
based  on  consideration  of  trends  in  contemporary  scientific  and 
technological  progress. 

In  the  Hungarian  Peoples'  Republic  a  substantial  number  of 
specially  created  scientific  collectives  are  carrying  out  the 
development  of  scientific  and  technological  forecasting  on  key  problems 
of  the  prospective  plan  for  development  of  the  Republic  in  the  period 
1971-1985. 

In  the  Bulgarian  Peoples'  Republic,  July  1968  saw  the  calling  of 
plenary  session  of  the  CC  of  the  BCP,  specially  dedicated  to  improving 
the  system  of  controlling  society.  An  important  place  in  its 
resolutions  was  alloted  to  the  development  of  research  on  the  study 
of  science  and  organization  of  development  of  scientific  and 
technological  forecasting  for  long-term  planning  of  the  future  in 


•This  collective  experience  found  reflection  in  the  materials  of 
the  conference  of  specialists  from  member  countries  of  the  Council  for 
Mutual  Economic  Aid  and  the  Socialist  Federated  Republic  of  Yugoslavia 
on  exchanging  experience  and  compiling  scientific  and  technological 
forecasts  (Prague,  February  1967)  [85],  and  materials  of  the  combined 
Sovlet-Czech  symposium  of  leading  specialists  of  the  state  committees 
on  science  and  technology  (Moscow,  January  1968),  and  also  in  the 
especially  broad  and  valuable  materials  of  the  Scientific  Symposium  of 
CMEA  on  the  Problem  "Control,  Planning,  and  Organization  of  Scientific 
and  Technological  Research"  (Moscow,  May  1968).  The  latter  works  were 
published  in  a  special  collection. 
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Bulgaria  (15-20  years)  [86].  A  plan  of  the  organization  and  inter¬ 
connection  of  forecasting  works  in  the  PRB,  compiled*  in  accordance 
with  the  resolution  of  this  plenary  session,  1b  shown  on  Pig.  22. 

The  proposed  scheme,  naturally,  reflects  the  formulated  specialization 
of  functions  and  the  responsibility  of  different  levels  of  administra¬ 
tion  of  the  PRB. 

In  recent  years  the  business  of  scientific  and  technological 
forecasting  has  assumed  large  dimensions  in  a  number  of  the  major 
capitalist  countries.  In  reviews  of  these  works  [22,  87]  we  find  data 
on  hundreds  of  specialized  organizations  which  carry  out  forecasting 
and  of  thousands  of  industrial  firms  and  specialized  institutions 
which  use  the  predicted  developments.  In  recent  surveys  we  note  that 
the  magnitude  of  expenditures  on  forecasting  is  of  the  order  of  2%  of 
the  total  funding  for  research  and  development  and  that  a  50-fold 
return  is  obtained  from  timely  use  of  soundly  based  prediction 
evaluations  in  making  decisions  in  scientific  and  technological 
policy  [88]. 

In  capitalist  countries  forecasts  are  used  as  one  of  the 
indispensable  bases  for  long-term  and  short-term  development  programs. 
Most  frequently  such  programs  are  developed  on  the  scale  of  individual 
firms  or  monopolies,  but  in  recent  years  work  has  been  carried  out  in 
the  field  of  programs  which  are  nationwide  in  scale,  in  particular 
those  covering  military  technology  or  key  economic  problems  [89]. 

Like  any  other  development  in  the  progress  of  scientific  and 
technical  thought,  the  business  of  forecasting  science  and  technology 
develops  in  capitalist  countries  in  an  unhealthy  social  and  psychologi¬ 
cal  climate.  The  prospects  of  mass  unemployment  in  connection  with 
automation  of  production  and  of  many  types  of  labor  in  a  service 


•The  plan  of  the  basic  positions  on  organizing  scientific  and 
technological  forecasting  in  the  PRB  was  compiled  at  the  request  of 
the  Ooskomitet  of  scientific  and  technological  progress  of  the  PRB 
under  the  leadership  of  the  author  of  this  book  together  with  the 
Bulgarian  specialists V.  Ivanov  and  B.  Benev. 
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field,  the  danger  of  the  use  of  the  newest  achievements' of  chemistry 
and  biology  against  humanity,  the  absence  of  any  ability  cf  society 
to  exert  effective  control  over  the  inevitable  military  utilization 
of  many  achievements  of  scientific  and  technical  progress  —  all  of 
this  cannot  help  but  be  reflected  in  the  attitude  of  scientists  in 
capitalist  countries  toward  the  determination  and  selection  of  prospects 
of  development  of  science  and  technology. 
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Fig.  22.  Plan  of  the  organization  of  development  work  on  scien¬ 
tific  and  technical  forecasting  in  the  Peoples'  Reputlic  of  Bulgaria. 
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Even  more  important  and,  in  its  own  way,  a  determining  influence 
on  the  nature  of  scientific  and  technical  forecasts  developed  in 
capital  countries  is  the  so-called  set  of  "national  goals"  formulated 
by  the  capitalist  state  and  the  huge  monopolies  with  respect  to 
the  progress  of  science  and  technology;  these  goals  are  established 
by  them  as  the  criteria  for  selection  of  possible  variants  of 
development.  The  purpose  -  this  is  one  of  the  most  important 
conditions  of  scientific  and  technical  progress.  It  is  precisely  here 
where  we  find  the  watershed  in  the  nature  and  social  functions  of 
scientific  and  technological  forecasting  in  the  Socialist  and 
capitalist  countries. 


Symptomatic  in  this  connection,  for .example,  is  the  effort  of  a 
number  of  capitalist  governments  to  put  scientific  and  technical 
forecasting  in  the  service  of  strategic  reconnaissance  and  the 
openly  military  departments.  The  use  of  methods  and  of  specialized 
firms  of  scientific  and  technological  forecasting  for  purposes  of 
industrial  espionage  and  counterespionage  carried  out  by  capitalist 
firms  and  industrial  monopolies  competing  against  one  another  are 
ever  more  frequent*  [90]. 

The  most  important  final  purpose  of  scientific  and  technological 
forecasting  under  the  conditions  of  a  Socialist  state  is  assistance 
in  selecting  the  most  promising  goals  of  scientific  and  technological 
development,  those  ensuring  to  the  highest  degree  the  growth  of  the 
materials  and  spiritual  wellbeing  of  the  laboring  class  of  the  country, 
and  also  optimizing  the  methods  of  achieving  these  goals.  This  type  of 
serious  practicality  can  be  achieved  only  on  the  basis  of  profound 
theory  and  creative  generalization  of  the  world  experience  in 
forecasting**. 

*'fhi3  i3  discussed  quite  openly,  in  particular.  In  the  book  by 
V.  Platt  [17]. 

**In  thi3  connection  there  may  be  special  interest  in  publications 
which  are  listed  with  bibliographic  information  in  the  list  of  refer¬ 
ences  appended  to  this  book,  as  well  as  material  being  systematically 
published  by  three  principal  foreign  magazines  on  scientific  forecast¬ 
ing:  "The  Futurist"  (Washington),  "Futures"  (Guildford,  England),  and 
"Futuribles"  (Paris). 
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It  can  be  said  with  complete  certainty  that  the  era  of 
amateurism  and  of  efforts  to  solve  the  problem  of  scientific  and 
technological  forecasting  by  means  of  temporary  commissions  and 
periodic  conferences  has  outlived  its  usefulness.  Systematic 
theoretical,  experimental,  and  applied  development  of  the  problems 
of  scientific  forecasting  is  required  now.  In  brief,  the  time  is 
come  to  give  the  matter  of  scientific  and  technical  forecasting  an 
important  state  character.  We  are  convinced  that  in  the  course  of 
realization  of  the  Resolution  of  the  Central  Committee  of  the  CPSU 
and  the  CM  of  the  USSR  "on  measures  for  increasing  the  effectiveness 
of  work  of  the  scientific  organizations  and  the  accelerating  of  the 
utilization  in  the  national  economy  of  the  achievements  of  science  and 
engineering"  Soviet  scientific  forecasting  will  Justify  the  hopes  held 
for  it,  deepen  its  theoretical  base,  and  considerably  raise  the 
effectiveness  of  the  methods  of  forecasting  the  future  of  science  and 
technology . 
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CHAPTER  IV 


CONTEMPORARY  METHODS  OP  SCIENTIFIC  AND 
TECHNOLOGICAL  FORECASTING 

At  the  present  time  scientific  forecasting  counts  more  than  130 
methods  and  applications  of  forecasting  scientific  and  technological 
development,  differing  in  level,  scales,  and  scientific  foundation. 

Also  a  number  of  schemes  of  classification  of  these  methods  have  been 
proposed  [9, 'll,  22,  44,  87].  With  all  the  diversity  of  methods 
of  scientific  and  technological  forecasting,  it  appeared  to  us  to 
be  most  adviseable,  from  the  practical  point  of  view,  to  reduce  them 
to  three  basic  classes  (extrapolation  methods,  expertise  methods,  and 
simulation  methods);  each  of  these  includes  several  types  and 
characteristic  groups  of  methods  of  scientific  forecasting  (Fig.  23). 

We  shall  briefly  examine  the  basic  ideaB  and  specific  capabilities  of 
these  methods  in  order  to  evaluate  their  suitability  for  exploratory, 
program,  and  organizational  forecasts. 

).  Extrapolation  mathods 

The  oldest  hypothesis  about  the  future  is  the  idea  of  it  as  a 
straight  and  direct  continuation  of  the  present.  All  extrapolation 
methods  are  based  on  the  assumption  of  the  immutability  or  at  least 
relative  stability  of  existing  development  trends.  It  is  possible  to 
extrapolate  trends  which  are  formulated  on  the  descriptive  level,  but 
most  frequently  this  is  done  with  respect  to  statistically  accumulating 
trends  of  changes  in  one  or  another  quantitative  characteristic  of 
science,  technology,  and  the  organizational  system  of  science. 
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General  classification  of  methods  of  scientific  and  technological  forecasting 


The  degree  of  reality  of  forecasts  of  this  type  and  the  measure 
of  confidence  in  them  are  conditioned  to  a  decisive  degree  by  the 
reasoning  behind  the  selection  on  the  limits  of  extrapolation  and 
by  the  stability  of  correspondence  of  "gauges"  with  respect  to  the 
essence  of  the  phenomenon  under  consideration.  These  gauges  frequently 
turn  out  to  be  noncomparable  in  large  time  scales  —  the  area  of  the 
second  and  third  echelons  of  forecasting.  In  such  cases  extrapolation 
frequently  leads  to  debatable  or  even  absurd  results.  Here  are  several 
examples. 

Beyond  the  limits  of  the  upper  boundary  of  the  second  echelon, 
forecasts  of  the  exponent  of  growth  of  the  number  of  scientists  passes 
through  the  point  of  the  expected  number  of  the  population  of  the 
Earth.  If  we  extrapolate  an  unchanged  total  trend  in  the  growth  of 
speeds  of  transport  means  (see  Pig.  15) »  by  the  end  of  the  century  a 
value  can  be  obtained  which  is  close  to  the  speed  of  light  [91].  It 
has  also  been  calculated  that  by  1990  the  total  number  of  artificial 
Earth  satellites  (with  an  unchanged  rate  in  the  growth  of  their  number) 
will  exceed  a  million. . . . 

The  preliminary  formulation  of  basic  logical  hypotheses  which 
penetrate  to  the  "physical"  essence  of  the  processes  being  extrapolated 
and  exposure  of  cause-effect  relationships  in  phenomena  being  studied 
by  means  of  statistics  on  the  basis  of  contextual  analysis  -  these 
are  all  mandatory  conditions  for  correct,  and  also  frequently  simple, 
elementary,  proper  utilization  of  the  apparatus  of  mathematical 
statistics.  It  is  appropriate  to  remember  the  warning  made  by 
P.  Mills,  a  statistician  with  a  worldwide  reputation:  "Statistical 
proof  in  Itself  does  not  establish  causality.  Statistics  establishes 
the  degree  of  covariance ,  but  whether  causal  relationships  exist  or 
not  and  what  means  can  be  used  to  develop  them  cannot  be  established 
by  statistics"  [92]. 

When  extrapolation  methods  are  used  in  scientific  and  technolog¬ 
ical  forecasting,  a  direct  consequence  of  this  requirement  Is  the 
need  to  calculate  factors  of  public  demand  for  new  scientific  and 
technological  developments,  evaluation  of  the  influence  on  the 
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development  of  the  forecast  object  of  price  policy  and  the  socioeconomic 
and  production  conditions  which  are  specific  In  different  countries.* 
Thus,  for  example,  the  statistics  of  technical  decisions  In  dry- 
cargo  marine  transport  of  Japan  and  Its  major  trading  partners  attest 
clearly  to  a  trend  toward  creating  "supertonnage"  ships.  The  Juncture 
of  import  and  export  of  raw  materials  by  marine  transport  In  the  USSR 
ffers  In  principle  from  the  situation  occurring  in  Japan.  This 
circumstance  renders  invalid  the  extension  of  conclusions  from 

extrapolation  of  such  data  to  the  corresponding  technical  decisions 
of  Soviet  ship-building. 


One  additional  important  procedural  circumstance  of  the  considered 
examples  of  forecasting  is  the  selection  of  the  depth  of  the  retro¬ 
spective  aspects  of  the  extrapolated  trend  (base  of  extrapolation) 
and  the  range  of  the  extrapolated  interval.  A.  S.  Konson  considers 
it  possible  to  take  them  as  equal  [93,  58].  V.  A.  Lisichkin  recommends 
taking  the  interval  of  forecasts  as  equal  to  1/3  of  the  considered 
series  of  data  [94].  The  last  proposal  seems  to  us  to  be  more  suitable, 
a  though  its  foundation  is  mainly  empirical.  A  useful  base  point  in 
this  case  will  be  preliminary  qualitative  evaluation  of  the  stability 
of  the  process  and  the  nature  of  the  laws  determining  it. 

In  each  case  the  selection  of  parameters  which  characterize 
the  technical  level  of  the  given  object  is  worthy  of  special  discussion. 
As  an  example,  indices  used  m  practice  during  analysis  of  trends  and 
forecasting  of  the  technical  and  economical  level  related  to  such  a 
technical  object  as  electronic  computers  are  given  below. 


*A  thorough  outline  of  extrapolation  methods  which  take  intn 

A.CS°?nKoJsonfan50V?  Jf  SoKk“d[58]?e  18  ^  ln  the  la8t  WOrk  0f 


120 


Controlling  and  Computing  Machines 


Types  and  quantities  of  output 
signals,  mA,  V 

Speed  of  addition,  op/s 

Speed  of  multiplication,  op/s 

Capacity  of  fast  store,  number 
of  words 

Capacity  of  permanent  storage, 
number  of  words 

Bit  configuration  of  numbers 
(commands),  number  of  units 


Capacity  of  auxiliary  storage, 
number  of  words  \ 

Guaranteed  service  life, 
years,  months 

Dimensions , 

Production  per  one  failure, 
hours 

Total  weight,  kg 

Required  power,  kVA 


Attention  should  be  paid  to  the  fact  that  the  complex  objects 
of  contemporary  technology  cannot,  as  a  rule,  be  characterized  by  a 
single  parameter.  For  example,  the  popular  characteristic  of 
operating  speed  of  an  electronic  computer  cannot  in  itself  give  a 
basis  for  any  evaluation  conclusions  without  consideration  of  the 
purpose  and  structure  of  the  computer.  Thus,  the  specialized  machine 
"Mir,"  with  a  comparatively  low  operating  speed,  in  practice  is  more 
effective  during  solution  of  its  own  class  of  problems  than  the 
significantly  faster  all-purpose  Soviet  and  foreign  computers. 

Obviously,  in  each  such  case  specially  based  systems  of  technical 
characteristics  will  be  required. 


With  consideration  of  the  material  outlined  above,  our  presenta¬ 
tions*  on  the  sequence  of  actions  during  statistical  analysis  of 
trends  and  extrapolation  can  be  outlined  as  follows. 

1.  Clear  definition  of  the  problem,  advancing  of  hypotheses 
about  the  possible  "mechanism"  of  development,  discussion  of  factors 
which  stimulate  development  of  the  given  object  and  of  those  which 
prevent  it. 


2.  Selection  of  a  system  of  parameters,  unification  of  different 
unit  measurements  relating  to  each  parameter  individually. 

•Together  with  L.  S.  Stoykova. 
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3.  Collection  and  systematization  of  dat&.  Before  they  are 
summarized  In  tables  It  Is  appropriate  once  again  to  verify  the 
homogeniety  of  the  data  and  their  comparability;  this  includes  breaking 
down  the  information  with  consideration  of  the  time  factor  (some  data 
relate  to  lot-produced  articles,  while  others  may  characterize  only 
objects  in  the  design  stage  or  outlined  scientific  and  technological 
possibilities ) . 

4.  Exposure  in  the  course  of  statistical  analysis  of  these  data 
of  trends  or  symptoms  of  changes  in  trends  of  development  of  the 
studied  quantities.  The  following  approach  to  solution  of  this 
problem  is  reasonable. 

Plot  the  values  of  the  studied  parameter  which  correspond  to  the 
given  time  on  a  semilog  coordinate  grid  (parameter  values  on  the 
y-axis  with  a  logarithmic  scale;  time  on  the  x-axis  with  a  uniform 
scale).  We  obtain  a  certain  field  of  points.  Then  it  is  proposed 
that  the  curve 


In  y  -  aQ  +  a^x  +  a2x2  (1) 

be  drawn  ip  this  field  in  such  a  way  that  the  sum  of  the  squares  of 
deviations  of  initial  points  from  the  points  of  this  parabola  becomes 
minimum* . 

Why  in  many  cases  is  it  wise  to  select  Just  this  sort  of  regression 
curve?  We  will  recall  that  all  the  considerations  following  below 
relate  to  the  study  of  a  special  type  of  trend  —  for  example,  constantly 
growing  or  constantly  diminishing. 

Forecasting  by  the  extrapolation  method  ordinarily  consists  in 
the  fact  that  the  relationship  y  ■  f(t)  obtained  by  one  or  another 
method  will  usually  contain  the  date  t  of  interest  to  us  and  will 
provide  a  means  for  finding  the  corresponding  values  of  y,  which  are 
taken  as  the  forecast  for  the  given  year.  In  this  case  for  a  sound 


•In  accordance  with  this  criterion,  naturally,  a  different  type 
of  approximating  curve  can  be  selected. 
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foundation  of  the  forecast  it  is  necessary  to  pro-e  the  following: 
that  the  law  (trend)  found  on  a  certain  interval  does- not  change 

outside  it  within  determined  boundaries;  that  the  parameters  themselves 
do  not  change  qualitatively. 

Ordinarily  the  inertia  of  the  predicted  system  is  used  as  a 
prerequisite  for  the  proof.  It  is  considered  that  in  complex  systems 
changes  occur  comparatively  slowly;  therefore  one  can  expect  that 
errors  of  extrapolation  for  small  time  segments  will  be  insignificant. 
Such  a  prerequisite  is  not  sufficiently  strong.  For  a  forecast  it  will 
frequently  be  interesting  and  important  not  so  much  to  predict  a 
specific  value  of  the  studied  parameter  in  a  certain  year  as  to 
provide  a  timely  fix  of  objectively  noted  shifts  and  symptoms  of 
changes  in  trends  of  development. 

During  smoothing  of  the  initial  data  of  the  parabola,  cases  may 
be  noted  of  a  minimum  and  maximum  of  the  approximated  data.  Another 
advantage  of  the  parabola  as  a  leveling  curve  is  the  fact  that  it 
smooths  the  initial  data  more  exactly  than  a  straight  line  and 
contains  three  (comparatively  few!)  parameters,  which  are  easily 

found  during  solution  of  a  system  of  three  equations  with  respect  to 
these  parameters . 


5.  The  stage  of  direct  production  of  calculations.  Below  we 
present  calculation  tables  and  formulas  for  finding  coefficients  of 
a  system  of  equations  in  the  general  case.  Let  y  .  y(t)  be  the  values 
of  the  investigated  parameter  which  correspond  to  time  t.  We  shall 
esignate  In  y  ■  jf  and  t  -  tQ  ■  x,  where  tQ  is  the  new  point  of 
beginning  of  reading.  We  shall  examine  the  case  when  several 
yki*  1  1  k  I  lf  l±  correspond  to  one  x^that  is  the  number  of  y 

corresponding  to  We  shall  de.lgnat,  £  Jkl  .  The„  condltlon 

(1)  is  written  as  iMl 

/(«,, -  2  2  fo.-a.-a,*,  -  «,*,)*= mla 

(2) 

For  this  it  is  necessary  that 
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£-«.  t-i  4-0; 

4} 

Having  developed  these  conditions,  we  obtain  the  following 
system  of  three  equations  for  Sq,  a^,  and  ag: 

^««+ei2  ta+«.2  A*? 2  *•;  n  =■  2  to 

t— 1  <-l  t— 1  Uv 

n  *  »  % 

*•  2  +ai2  W + «»2  4*? "  2  *»*♦:  f  •a) 

H  ’  .  M  1—1  t— 1  ' J  y 

<>.2  4*? +%2  ii4+«*2  to*t  “*2 *«*?• 

Wl  .  1—1  1—1  1—1 

The  calculations  for  the  coefficients  of  the  system  are  conven¬ 
iently  arranged  in  a  table: 


Table  10. 


B 

E 

E 

E 

E 

E 

D 

8 

9 

10 

11 

12 

li 

k 

4 

X 

M*  (jO 

4 

xi 

zi 

xizi 

xizi 

zixi 

l  x2 
lixi 

t  x3 

tlxi 

Iixi 

The  sums  of  the  first  and  the  6-l2th  columns  give  the  corresponding 
coefficients  of  equations  of  the  system;  the  system  is  solved  by  known 
methods. 


6.  Making  a  final  decision  on  selection  of  the  limits  of 
extrapolation.  By  altering  the  time  variable  we  obtain  values  of  the 
approximating  curve  on  the  extrapolated  segment  of  future  development. 

7-  Critical  evaluation  of  the  obtained  extrapolation  data  from 
positions  of  previously  developed  hypotheses  and  logical  foundations. 
The  statistical  error  of  forecasting  —  hnp  -  is  fixed.  Por  its 
evaluation  we  can  use  the  known  formula 

I  M 

- n  ♦ 

S  ■ 

2 

where  yki  are  experimental  points;  yi  -  Sq  +  aixi  +  a2xi  are  Polnt8 
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of  the  smoothed  parabola;  l ^  Is  the  number  of  experimental  points  for 
the  i-th  abscissa;  n  is  the  length  of  the  initial  time  Interval. 

This  is  not  the  only  mathematical  method  of  evaluating  errors  and 
possible  variations  of  the  data  of  a  statistical  analysis  and 
extrapolation.  The  main  thing,  however,  is  that  the  forecaster  U3e 
common  sense. 

A  truly  scientific  attitude  toward  extrapolation  of  trends  has 
nothing  to  do  with  fatalism  or  with  blind  admiration  when  faced  with 
statistical  evaluation.  Even  extending  extrapolation  to  the  "point 
of  absurdity"  -  to  impossible  or  completely  unsuitable  situations  - 
is  not  a  totally  senseless  occupation  if  we  consider  its  results  not 
as  a  forecast  in  themselves  but  as  evidence  of  more  or  less  acutely 
maturing  requirements  to  change  a  trend  previously  developing.  Besides 
this,  during  extrapolation  of  a  system  of  mutually  connected  parameters 
there  is  the  possibility  of  evaluating  the  sensitivity  of  the  final 
data  to  changes  of  different  parameters  which  are  equal  in  scale.  On 
the  basis  of  information  thus  obtained  forecast  recommendations  are 
formulated  for  control  of  the  development  process. 

Extrapolation  is  used  most  frequently  and  with  merited  confidence 
in  research  forecasts  of  the  first  echelon. 

In  view  of  the  considerable  inertia  of  the  examined  systems, 
significant  changes  in  trends  of  their  development  cartnot  be  realized 
instantaneously.  Experience  indicates  that  a  large  portion  of 
scientific  and  technological  data  can  be  extrapolated  within  the  range 
of  the  next  12-15  years  with  a  permissible  expectation  of  error  of 
+15*. 

Figure  24  3hows  an  example  of  extrapolation  of  trends  in  the 
change  of  certain  essential  characteristics  in  electronic  computer 
technology  [95]. 

The  forecast  of  the  GDR  scientist  H.  Frflhaut  [96]  can  serve  as 
an  example  of  a  forecast  made  by  the  method  of  extrapolating  scientific 
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and  technological  data  but  by  differing  procedure.  tin  the  basis  of  ^ 
the  "Curve  of  the  historical  development  of  ranges  of  mastered  waves" 
which  he  developed  (Pig.  25),  he  asserted  in  1957  that  in  the  period 
1965-1970  we  should  expect  "mastery  by  means  of  electronic  equipment 
of  the  region  of  continuously  and  connectedly  oscillating  light 
waves,  their  reproduction  and  amplification."  Subsequently  the 
forecaster  specified  his  presentations  on  the  scientific  and  technolog¬ 
ical  means  of  penetrating  into  the  indicated  region.  All  of  these  were 
subsequently  well  confirmed  by  the  experience  of  the  creation  of 
quantum  generators. 


Pig.  2M.  Extrapolation  of  the  change  in 
characteristics  of  electronic  computers. 

1  -  Cost  (dollars  per  10"  op/s);  2  -  opera¬ 
ting  speed  (1*10*  op/s);  3  -  volume  (cubic 
feet) . 

Interest  has  existed  for  a  long  time  in  the  analysis  and 
extrapolation  of  trends  of  change  in  such  characteristics  of  technical 
equipment  functions  as  efficiency,  carrying  capacity  per  unit  power, 
specific  functioning  energy  capacity,  etc.  As  an  example  of 
successful  technical  forecasting  of  this  type  we  can  cite  the  1965 
prediction  of  a  reduction  in  specific  (per  one  component)  cost  Sy  of 
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integrated  circuits  of  electronic  equipment  as  a  function  of  the 
quantity  of  elements  included  in  them,  na  (Fig.  20).  By  1970  the 
optimum  size  of  ng  had  increased  by  20  times  and  the  minimum  value  of 
S  had  increased  by  10  times  -  the  prospects  were  filly  confirmed  by 
world  practice  [93] • 
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Forecasters  use  various  methods  to  increase  the  accuracy  of 
extrapolation.  One  of  these,  for  example,  consists  in  correcting  the 
extrapolated  portion  of  the  total  curve  of  development  (trend)  -with 
consideration  taken  of  actual  experience  in  the  development  of  an 
analog  -  areas  of  research  or  a  technical  object  whose  development  is 
advanced  over  that  of  the  predicted  object.  For  example,  on  the  basis 
of  the  fact  that  the  development  of  civil  aviation  in  the  United 
States  remains  5-7  years  behind  military  aviation  with  respect  to 
technical  indices,  American  forecasters  develop  the  assignment  of 
designing  a  civil  transport  aircraft  for  the  decade  of  the  90's. 

Trends  in  flight  and  technical  characteristics  extrapolated  to  12-15 
years  were  corrected  in  the  middle  segment  according  to  data  of  the 
analog  [87]. 

Another  method  consists  in  the  simultaneous  use  of  statistical 
and  information  data.  We  shall  illustrate  this  with  a  generalized 
example  of  analysis  of  trends  and  forecasts  of  growth  of  a  certain 
essential  parameter  t  (Fig.  27).  Objects  created  in  the  i-th  year  in 
different  countries  had  parameters  ^  varying  within  the  limits  ac. 
Subsequent  experience  of  the  development  of  the  object  in  each  year 
multiplied  the  variety  of  achieved  values  of  the  parameter  (different 
values  have  different  designations  on  the  figure). 


Fig.  27.  Extrapolation 
of  envelope  curves  of 
data  on  the  world  level 
of  homogeneous  technol¬ 
ogical  parameters. 
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After  all  values  with  respect  to  the  state  In  a  year-  have  been 
plotted  on  the  diagram.  It  Is  possible  to  construct  envelope  curves 
of  this  array  of  data.  The  bands  which  they  delimit  represent  In 
essence  the  world  level  of  the  parameter  t  with  Its  upper  boundary 
ab  and  lower  boundary  cd.  Within  this  band  it  Is  possible  to 
single  out  two  totalities  of  data,  I  and  II,  relating  to  the  experience 
of  creating  analogous  objects  in  different  countries. 

We  can  proceed  further  as  follows.  Envelope  curves  are 
extrapolated  according  to  common  rules.  In  this  area  of  future  world 
level  we  plot  data  taken  from  the  characteristics  of  real  objects 
in  various  stages  of  research,  development,  and  design  in  a  given 
country.  It  may  be  found  that  despite  the  apparent  favorable 
situation  (improvements  of  parameter  t  provided  in  the  designs), 
objects  created  according  to  these  designs  will  form  actually  the 
lower  boundary  of  the  world  technical  level  (case  II).  Naturally, 
case  I  is  more  favorable. 

To  the  above  we  should  onct  more  add  that  no  matter  how  important 
any  one  parameter  t  may  be,  it  never  in  itself  permits  evaluation  of 
the  object  as  a  whole.  As  s.  rule,  such  analysis  must  be  carried  out 
with  respect  to  the  entire  system  of  essential  parameters  of  any 
object. 

In  the  field  of  development  of  the  organizational  system  of 
science  there  is  usually  special  interest  in  extrapolation  of 
mathematically  described  trends  of  the  growth  in  the  number  and 
structure  of  scientific  cadres.  A.  A.  Zvorykin,  L.  V.  Zarzhltskaya, 
and  B.  I.  Spasskiy  used  this  method  to  obtain  the  following  calculated 
values  of  the  number  of  scientific  personnel  with  respect  to  our 
country  (Table  11)  [97]. 

A  completed  check  of  this  procedure  ("forecast"  from  1950  to 
1965)  gave  results  which  are  sufficiently  close  to  the  real  values. 
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Table  11. 


•Si 


Structural  subdivision 

mm 

1980 

Remarks 

In  1965 

Specific  fraction  of  scientists  in  the  total 

4.83 

2.87 

number  of  the  working  population,  % . 

6.12 

Specific  fraction  of  professional  groups  among 
scientists,  % 

in  the  technical  sciences . . . 

47.7 

49.8 

44.0 

in  physics  and  mathematics. . 

10.4 

11.0 

9.6 

in  economic  sciences . . . 

4.5 

4.5 

4.5 

in  the  historical  and  philosophical  sciences.... 

3.3 

2.7 1 

4.3 

The  extrapolation  method  was  also  used  to  forecast  the  growth 
in  the  volume  of  scientific  and  technological  information,  the 
magnitude  of  equipment  available  to  science,  and  other  questions. 

We  will  note  that  the  specific  evaluations  of  logical  limits  of  growth 
or  of  one  or  another  characteristic  obtained  in  this  cbbs,  and  also 
the  values  of  the  breaks  between  mutually  conditioning  Indices  (see 
the  extrapolation  of  U.S.  requirements  for  scientists  and  the 
expectation  of  their  number  -  Pig.  28)  can  serve  as  the  basis  for 
making  important  decisions  with  respect  to  future  scientific  policy 
[98].  One  such  decision  is  the  predicted  requirement  for  advance  in 
the  rates  of  growth  of  productivity  of  the  labor  of  personnel 
occupied  in  scientific  research  as  compared  with  the  growth  rates  of 
the  number  of  these  personnel  (Pig.  29). 


Pig.  28.  Extrapolated 
break  between  the  U.S. 
requirement  for  scientists 
and  their  expected  number. 
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IMT 


Quantity  of 
tiolantifta  and 

angmaara 

2000 


Pitt.  29.  Predicted  require¬ 
ment  for  lead  in  growth  rates 
of  productivity  of  the  labor 
of  personnel  working  in 
scientific  research 


or  particular  Intaraat  In  connection  with  thl.  topical  problan 
vom  the  study  or  science  are  errorts  to  extrapolate  data  on  th 
‘rultrulness  or  th.  fupctlohlhg  or  science.  Student,  or  «!«••  £• 
ru"«d  and  analyzed  data  on  the  rate,  of  growth  of  new  .dentine 
iata  in  dlfrerent  tranche,  or  .clence,  conducting  comparison  o 

national  statistics  of  scientific  d^°Ve^e  ’  of  data  0f  this 

resent  efforts  are  being  made  to  study  the  con  elation  oi 
type  ulth  trend.  In  th.  gro.th  or  capital  lnve.tm.nt  In ^llieren 
tranche,  or  .clence  and  with  the  dimension,  of  applied  reseat,. 

efforts  [993- 


Significant  interest  can  be  found  in  forecasts  which  extrapolate 
he  ratio  of  the  structural  elements  in  science  and  technology  an 

. .u,.  ratio  of  ~r  e  s ear c h  efforts  in  fundamental  ana  appxx 

Lnventory ,  th  ^  #ffopt8  tQ  trace  trendB  and  to  extrapolate 

quite  urgent. 


If  we  regard  extrapolation  not  as  an  end  in  itself,  but  as  the 
eginning  of  analysis  of  trends  and  forecasting,  we  should  recogn 
hit  the  possibilities  in  methods  of  this  type  are  very  numerous  and 
“  pr“«rrr  such  forecasting  1.  very  bred,  although  In  the  malorl, 
)f  cases  it  is  connected  with  forecasts  of  the  first  echelon. 

, rediction  of  more  remote  accomplishments  of  scientific  and 
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technological  progress,  this  approach  must,  as  a  rule,  be  supplemented 
with  deeper  penetration  into  the  logic  of  scientific'  and  technological 
development  and  the  future  capabilities  of  the  fundamental  natural 
sciences. 


2.  Methods  of  efcpert  evaluations 

The  process  of  scientific  creativity  assumes  the  mandatory 
presence,  at  least,  in  leading  scientists  in  each  particular  area  of 
science  of  hypothetical  presentations  on  the  methods  of  resolving 
existing  contradictions  of  the  process ,  a  priori  evaluations  of  the 
significance  of  various  decisions  in  science,  and  intuitive  guesses 
on  alternative  and  possible  variants  of  development.  In  point  of 
fact,  an  expert  in  the  interpretation  of  this  word  applied  in  the 
study  of  science  is  actually  a  specialist  who  is  developing  such 
presentations  and  who  is  guided  by  them  in  the  process  of  his 
scientific  activity.  Truly  the  aphorism  which  is  popular  among 
forecasters  is  not  far  from  the  truth:  "an  expert  is  a  specialist 
who  has  already  made  a  lot  of  errors."  The  curious  psychological 
observation  made  by  A.  Clark  (the  so-called  "Clark's  Law")  is 
adequately  substantiated:  when  a  competent  but  elderly  scientist 
asserts  "this  is  impossible,"  he  lja  almost  always  right;  when  the 
same  man  gives  the  careful  evaluation  "this  lie  impractical,"  there  is 
adequate  basis  to  hope  that  He  is  mistaken  [100].  It  is  also  noted 
that  forecasts  over  very  sho*t  periods  (up  to  5  years)  frequently 
prove  to  be  excessively  optimistic,  while  those  covering  20  years  and 
more  are  often  too  timid  [91]- 

Very  widely  used  methods  of  forecasting  are  connected  with  the 
collection  and  systematization  \of  different  types  of  expert  evaluations 
In  the  eyes  of  the  forecaster  the  conviction  that  if  the  reasoned 
Judgements  of  a  representative  group  of  experts  are  the  answer  to 
real  social,  economic,  or  intrascience  requirements,  then  the 
thoughts  and  assumptions  contained  in  them  are  right  for  realisation, 
gives  force  to  the  forecast. 

In  the  ordinary  case  of  qualitative  analysis  of  a  priori  informa¬ 
tion  of  such  a  type,  the  period  of  accomplishment  of  the  forecast 
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events  is  moved  into  the  future  by  the  expert  according  to  the  degree 
of  his  intuitive  ideas  on  the  complexity  which  he  foresees  at  the 
present  in  the  realization  of  the  predicted  assumptions.  This  relates 
completely,  for  example,  to  Individual  expert  evaluations  of  the 
interview  type. 

In  Individual  analytical  expert  evaluations  this  deficiency  is 
partially  overcome  by  providing  the  expert  with  the  most  complete 
possible  information  on  the  experience  of  development  and  various 
interconnections  of  the  object  of  the  forecast.  The  best  known  of 
the  methods  of  this  group  is  the  so-called  morphological  method. 

Its  author,  the  Swedish  astronomer  Fritz  Zwicky,  places  in  the  fore¬ 
front  during  forecasting  the  requirement  of  completeness  of  calcula¬ 
tion  of  all  known  capabilities  and  properties  of  the  given  object. 

In  essence  the  morphological  method  represents  the  business  of 
"an  ordered  view  of  the  thing"  [101}.  Its  goal  is  to  give  a 
systematic  survey  and  analysis  of  a  given  multilevel  problem  and  thus 
to  facilitate  more  successful  use  of  the  individual  intuition  of  the 
expert. 

One  of  the  radical  methods  for  increasing  the  accuracy  and 
depth  of  forecasts  which  are  based  on  methods  of  expert  evaluation 
is  to  draw  upon  the  expertise  of  a  collective  of  competent  specialists. 
For  a  long  time  and  in  many  places  this  method  wsb  widely  used  in  the 
form  of  the  "commission  method."  It  should  be  noted  that  the  major 
portion  of  forecasts  made  earlier  and  used  during  prospective  planning 
were  obtained  by  precisely  this  method.  In  great  part  its  success 
depends  on  the  selection  of  the  composition  of  the  appropriate 
commission  and  the  level  of  organization  of  its  work.  However,  in  any 
case  this  method  entails  two  well-known  deficiencies.  Not  all  the 
experts  are  involved  in  an  equally  active  process  of  creative  thought. 
The  evaluations  and  Judgements  of  experts  are  usually  influenced  by 
factors  which  cannot  be  Included  among  the  number  of  scientific 
arguments:  the  authority  and  standing  of  colleagues  who  made  Judge¬ 
ments-  earlier  ;  inertia  inherent  to  the  human  during  public  rejection 
of  his  opinion;  the  emotional  flavors  of  the  assertions  of  an 
opponent,  etc. 
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One  of  the  efforts  to  overcome  these  deficiencies  is  represented 
In  a  special  method  of  organizing  the  creative  work  of  a  co'lleetlve 
of  experts;  in  the  USSR  this  approach  is  called  the  method  of  the 
related  [referred]  evaluation  [102]  or,  in  English  terminology  the 
"brainstorming"  method  [103].  The  essence  of  the  discussion 
procedure  used  here  consists  in  the  fact  that  the  periods  of  free 
creative  generation  of  ideas,  proposals,  and  hypotheses  are  cleanly 
separated  from  the  stage  of  critical  evaluation  of  the  obtained 
information,  while  the  evaluation  stage  itself  is  carried  out  in  such 
a  form  that  it  does  not  bind  but  rather  stimulates  further  creative 
discussion  of  the  problems. 

Yet  another  of  the  recent  efforts  to  resolve  this  same  problem 
is  the  procedure  adopted  in  the  so-called  Delphi*  method  for  collecting 
and  analyzing  prediction  information.  Forecasting  accomplished  by 
this  method  by  the  "RAND"  firm  in  1962-1964  related  to  si*  broad 
regions:  scientific  discoveries,  population  growth,  automation, 
mastery  of  space,  the  possible  occurrence  and  the  prevention  of  war, 
and  future  systems  of  armaments  [104].  Representative  groups  of 
experts  were  assembled  in  accordance  with  a  program  of  this  type. 

The  collecting  of  information  consisted  in  successive  questioning  in 
depth  of  the  opinions  of  82  experts,  who  were  sent  four  question¬ 
naires  at  intervals  of  about  two  months**. 

In  the  first  round  a  list  was  formulated  of  the  discoveries  and 
inventions  which  the  experts  regarded  as  necessary  and  attainable  in 
the  course  of  the  next  50  years  (this  was  the  H(1  stage).  The  second 
round  saw  accomplishment  of  evaluation  of  the  probability  of 
accomplishment  and  the  expected  waiting  periods  of  these  events: 
according  to  a  specially  stipulated  procedure  the  most  optimistic  and 
the  most  pessimistic  evaluations  were  excluded,  and  the  greatest 
coincidence  of  opinion  was  determined  for  the  remainder  (stage  fin). 


•It  received  its  name  from  the  Delphic  oracle,  which  according  to 
legend  expressed  independent  points  of  view. 

••Here  we  will  examine  only  the  first  subject  group  of  forecasts  - 
scientific  achievements. 
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In  the  third  round  the  experts  were  given  the  analysis  of  the  results 
of  the  preceding  work.  They  were  given  lists  of  the  completely 
matching  opinions  and  also  lists  of  incompletely  matching  evaluations 
on  the  problems  which  nonetheless  serve  for  further  discussion. 

Their  Judgements  were  requested  on  the  possible  reasons  for  the 
divergence  of  opinions,  including  those  which  depended  on  incomplete 
formulation  of  the  problems,  procedures,  etc.  In  the  fourth  round 
they  carried  out  a  final  correction  of  the  collective  expert  evalua¬ 
tions.  As  a  result  there  were  obtained  not  the  distribution  of 
probabilities  of  appearance  of  a  number  of  events,  but  statistically 
processed  distributions  of  individual  evaluations  of  experts  with 
respect  to  the  time  of  possible  solution  of  one  or  another  scientific 
problem.  This  significant  circumstance  must  be  kept  in  mind  during 
critical  analysis  of  future  science  as  forecast  by  the  Delphi  method. 

A  generalization  of  the  results  of  thiB  forecast  is  presented  on 
Pig.  30,  where  the  distributions  of  evaluations  are  plotted  on  the 
finally  matched  list  of  forecast  events. 

The  experience  accumulated  by  contemporary  forecasting  with 
different  types  of  procedures  of  expert  evaluations  makes  it  possible 
to  assert  that  the  most  important  problems  of  collective  expertise 
Include  the  determination  of  the  degree  of  matching  of  opinions  of 
the  experts  on  specific  prospects  of  development  formulated  earlier 
by  individual  specialists  (objectitizing  the  Judgements),  and 
evaluation  of  certain  aspects  of  development  which  cannot  be  obtained 
by  present  methods  (for  example,  by  analytical  calculation,  experiment, 
etc.). 


In  order  to  achieve  goals  of  this  type,  the  process  of  collective 
expertise  must  be  characterized  by  the  following  facts: 

mutual  independence  of  the  Judgements  of  the  experts  is  ensured; 

the  evaluations,  as  a  rule,  are  converted  into  quantitative  form; 

the  expert  indicates  the  structure  of  the  arguments  which  served 
as  the  basis  for  one  or  another  evaluation; 

the  expert  indicates  the  degree  of  his  familiarity  with  the 
field  with  which  the  particular  evaluation  is  related. 
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Year 


8  Pig.  30.  Forecast  of  “expected 

l  j70=  =t,°.  ao-  -  J01°-  9090  events  of  scientific  and 

■I’l  I  "  technological  progress  (summary 

It—  .  H  table).  1  -  Economically 

T — ’  1  1  feasible  distillation  of  water; 

f  I  I  |i  2  -  effective  and  inexpensive 

f  i  >  j  |  control  of  the  birth  rate: 

iC  J  |  .  3  -  new  synthetic  materials 

'  for  superlight  structures; 

■  t  1  —i  I  J  I  I  4  -  machine  translation  from 

- “ — --^L,  I  \  I  language  to  language;  5  -  organ 

itf  i  ■  -”r  \  |  \  transplants  and  prosthetics; 

I  *  ■  Til]  6  —  reliable  weather  forecasting; 

f  i  ;  7  —  the  creation  of  a  unified 

In,,  1  - — — \  I  1  information  center;  8  — 

t  |  1  I  "reformation  of  theoretical 

l  -1 1  j  I  |  physics  (liquidation  of  present 

^  contradictions);  9  -  Implanting 

ifr  1  1  of  artificial  organs  made  of 

plastics  and  electronic 

r*  '  -  j  I  J  components;  10  -  distribution  of 

l  j  j*  l  ■  .  |  nonnarcotic  preparations  to 

_ !□  change  the  psychological 

- - 1  :  peculiarities  of  people;  11  - 

I  u  I  f  lasers  in  the  x-ray  and  y-range 

I  m  i  J  [  of  the  electromagnetic  spectrum; 

-  i_  h  12  —  controlled  thermonuclear 

i  power;  -13  -  artificial  creation 

nr  ~  of  primitive  forms  of  life 

(self-dividing  molecules);  14  - 

f  |  _ economically  feasible  develop- 

— - —  ment  of  living  areas  on  the 
P«  '  i  ocean  floor;  15  -  limited  and 

!  k - economically  feasible  control 

I  i  '  „ —  J - of  the  weather  in  .  limited  areas ; 

|  i  p —  ■  — ^  16  —  Industrial  production  of 

synthetic  protein  (food  products); 
\  iW  ~  17  -  manifold  expansion  of  the 

si  1  area  of  treating  mental  illnesses; 

]  I  ■„.]■■  I  18  —  universal  immunisation 

I  3  I  f00  i - .  _  against  bacterial  and  virus 

1.11,1  B  _  diseases;  19  -  chemical  control 
J  *  f  *  I  *  .,1.1. '*1*1. 1*1,1,  I  y]  of  birth  defects  (gene  modiflca- 


*  _ _  tion);  20  -  use  of  the  ocean  as 

the  source  of  202  of  world  reserves  of  food  products ;  21  -  biochemical 
preparations  which  stimulate  regeneration;  22  -  medicines  which 
Increase  mental  development;  23  -  direct  interaction  between  the  human 
brain  and  electronic  computers;  24  -  prolongation  of  human  life  by 
50  years;  25  -  the  use  of  monkeys  and  dolphins  for  unskilled  labor; 

26  -  two-way  communication  with  extraterrestrial  civilizations;  27  - 
Industrial  production  of  chemical  elements  from  subatomic  components; 

28  -  control  of  the  force  of  gravity  by  changing  the  gravitational 
field;  29  -  education  by  means  of  direct  recording  of  information  in 
the  brain;  30  -  prolonged  lethargy  [suspended  annimation]  for  "traveling 
in  time";  31  -  the  utilization  of  telepathy  and  Esperanto  for  commun¬ 
ications. 
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The  success  of  collective  expertise  is  facilitated,  mainly  by  the 
interested  attitude  of  the  experts  -  as,  for  example,  when  they  place 
themselves  in  the  position  of  direct  participants  in  events,  who 
can  be  responsible  for  their  realization  of  the  advanced  positions, 
rather  than  mere  disinterested  observers** 

Our  presentations ••  on  the  procedure  for  collecting  and  processing 
the  data  of  expert  evaluations  can  be  outlined  in  the  form  of  a  few 
working  stages. 


1.  Before  the  beginning  of  forecasting  research  and  in  accordance 
with  its  assignments,  the  so  called  "goal  -  means"  matrix  is  developed; 
the  cells  of  this  matrix  should  be  filled  with  information  obtained 
as  the  result  of  analysis  of  all  data  collected  by  forecasters 
(including  that  obtained  from  the  experts).  Here,  in  cooperation  with 
specialists,  several  of  the  most  important  goals  and  subgoals  (paths) 
of  solving  the  selected  problem  are  determined  in  the  course  of 
preliminary  analysis.  The  approaches  for  solution  should  be  formulated 
in  such  a  manner  that  as  a  set  they  can  lead  to  solution  of  the 
problem  and  do  not  overlap  one  another.  The  paths  for  solution 
(subgoals)  form  the  columns  of  the  matrix. 

Under  the  term  means  of  achievement  of  goals  we  understand  the 
directions  of  research  and  development  whose  results  can  serve  for 
achievement  of  the  goal.  They  are  so  grouped  and  formulated  that 
all  basic  directions  of  research  and  development  whose  results  might 
serve  to  achieve  the  goals  will  be  taken  into  account.  Besides  this, 
they  should  not  overlap  one  another.  The  means  of  achieving  the 
goals  form  the  rows  of  the  matrix. 


The  typical  form  of  such  a  matrix  is  shown  on  Fig.  31.  in  the 
particular  case  of  forecasting  the  development  of  computer  technology 
the  columns  and  rows  can  be  expressed  in  the  following  formulations. 


•The  idea  of  ensuring 
put  forward  and  formulated 


a  responsible  attitude  of  the  experts  was 
by  Academician  V.  M.  Qlushkov. 


••Together  with  L.  P.  Smirnov  and  Yu.  V.  Yershov. 
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The  general  goal;  achievement  (within  limits)  of  a  situation  when 
everyone  in  all  spheres  of  activity  solves  problems  ;,w£th  the  aid  of 
electronic  computers  in  a  resonable  time,  in  an  economic  manner, 
obtaining  results  in  a  form  convenient  for  use.  Subgoal  A:  solution 
of  the  problem  of  communication  of  man  with  computer.  Subgoal  B: 
increasing  the  "intellect"  of  the  electronic  computer.  Subgoal  C: 
developing  effective  productivity  of  individual  electronic  computers 
and  total  productivity  of  the  computer  inventory  of  the  nation*  Group 
of  means  a;  improving  the  elementary  and  technological  base.  Qroup 
of  means  b:  improving  auxiliary  devices  and  communications  techniques. 
Group  of  means  c:  development  of  methods  of  data  processing  (mathema- 
tized  methods  of  solving  problems).  Group  of  means  d:  improvement  of 
software.  Group  of  means  e:  improvement  of  electronic  computer 
structure.  Group  of  means  f;  Improving  the  organization  of  use  of 
electronic  computers.  Group  of  means  g:  improvement  in  methods  of 
designing  electronic  computers. 


\  BwJ 

Wihn  \ 

General  goal  J 

Path  A 
( aubgoal ) 
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Pig.  31.  "Goal  - 
means"  matrix. 
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The  formulation  examples  which  are  given  do  not,  naturally, 
pretend  to  completeness  or  an  exhaustive  character.  They  are 
calculated  here  only  in  order  to  give  a  concrete  definition  of  the 
idea  of  the  "goal  --  means"  matrix.  The  advisability  of  using  it  lies 
in  the  fact  that  the  main  work  of  the  collective  of  forecasters  is 
further  reduced  to  filling  in  the  matrix  with  contextual  and  argumenta¬ 
tive  information  relating  to  Mn,  nn,  and  on. 

2.  The  following  stage  of  collective  evaluation  consists  in 
development  of  "Tables  of  expert  evaluation"  with  questions.  These 
tables  should  ensure  that  the  following  are  obtained  from  the  expert: 

quantitatively  defined  responses  to  the  stated  questions ; 

formalized  information  on  the  nature  of  sources  of  argumentation 
and  also  on  the  degree  of  influence  of  each  of  them  on  the  expert's 
response; 

quantitatively  defined  evaluation  of  his  familiarity  with  the 
field  to  which  the  stated  question  relates. 

To  fulfill  the  first  condition  the  problems  being  posed  to  the 
experts  were  classified  as  follows : 

a)  evaluation  of  the  relative  importance  of  the  development  of 
different  directions’  of  research  and  developments.  The  expert  is 
requested  to  give  an  evaluation  (in  point b  on  a  100-point  scale)  f 
the  relative  importance  of  the  development  of  different  directions  of 
research  and  development  for  the  solution  of  a  certain  problem; 

b)  evaluation  of  the  time  for  accomplishment  of  a  certain  event. 
The  expert  is  asked,  for  example,  to  place  a  mark  on  a  time  scale  in 
accordance  with  his  opinion  of  the  time  when  a  certain  event  will  be 
accomplished.  Question:  when,  in  your  opinion,  will  event  A  be 
achieved?  Answer  (see  Fig.  32):  the  event  will  be  accomplished  in 
the  USSR  in  the  1980  to  1985  period,  and  in  the  USA  from  1975  to  1978 

c)  evaluation  of  the  "specific  weight"  of  different  types  of 
problems,  types  of  technical  decisions,  etc.  The  expert  is  asked  to 
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make  a  mark  on  a  percent  scale  (from  0  to  100)  in  accordance  with 

r1:: ::  "speifi° 

etc.  in  the  time  periods  subject  to  foreoast j 

is  »„t\T*renCe  t0  °ne  °fThe  ®^':ernative  judgements.  The  Vxpert ' 
asked  to  mark  that  Judgement  with  respect  to  the  development  of  a 
given  branch  of  technology  m  the  course  of  the  forecast  period  which 
most  corresponds  to  his  point  of  view. 


E: 


In  th*  USSR 


in  th*  USA1  Y**p 


— ■  •  1  1 — 1 — 1 — ■  i  i  I _ i  i  i  i  i  i  i  in 

1900  70  71  72  73  74  76  76  78  BO  82  86  88  92  96  2000 

time  axis . Scale  of  the  ran8e  °f  events  on  the 


on  tH  0  *  the  8eCOnd  condltlon  -  obtaining  formalized  information 
on  the  nature  of  sources  of  argumentation  and  also  on  the  degree  of 

heir  influence  on  each  group  of  the  expert’s  responses  -  the  expert 
in  asked  to  mark  in  the  table  (Table  12)Jhe  sources  of  argumentation 
ving  as  the  basis  for  his  response.  The  markis^ade'ln  one  of  ~ 

owTof  T’  dePendln8  °n  thC  degree  °f  lnflUenCe  (hi«h* 
low)  Of  each  source  on  the  opinion  of  the  expert. 


Table  12. 


Source  of  argumentation 

Degree  of  influence  on  the 
[opinion  of  the  expert 

high 

moderate 

low 

Completed  theoretical  analysis. 

Y 

Industrial  experience . 

A 

Generalization  of  work  of  Soviet  authors.. 

author11Zatl°n  thS  worlc  of  foreign 

A  1 

X  1 

Personai  familiarity  with  the  state  of  the 
art  abroad . 

X 

Intuition. . . .  , , . 

X 

X 
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In  the  above  case  the  table  filled  out  by  an  expert  Indicates 
that  his  opinion  on  the  question  was  developed  to  a  high  degree  by 
his  previous  theoretical  analysis  and  personal  Industrial  experiments; 
It  was  Influenced  to  a  moderate  degree  by  generalization  of  the  works 
of  Soviet  authors  and  also  by  personal  Intuition,  and  to  a  small  degree 
by  generalization  of  the  work  of  foreign  authors  and  by  hiB  personal 
familiarity  with  the  state  of  the  art  abroad.  All  of  these  evaluations 
are  converted  by  the  forecasters  Into  a  quantitative  form  by  means  of 
tables  of  weighted  coefficients. 

To  fulfill  the  third  condition  -  obtaining  a  quantitatively 
defined  evaluation  of  the  degree  of  familiarity  with  the  field  to 
which  the  stated  question  relates  -  the  expert  is  requested  to  make 
a  mark  on  a  scale  (from  0  to  10),  where  the  maximum  evaluation  (10) 
corresponds  to  familiarity  with  the  problems  of  a  certain  question  at 
the  level  of  authorship  (co-authorship)  in  the  development  of  certain 
solutions  of  the  discussed  problem,  while  the  minimum  evaluation 
(0)  corresponds  to  the  most  general  familiarity  with  the  appropriate 
problem. 


3.  Organizing  and  carrying  out  interrogation  of  the  experts.  On 
this  stage  it  is  extremely  important  to  guarantee  that  the  individual 
questions  are  understood  oy  the  experts  in  the  same  way  and  also  to 
create  conditions  for  free  and  independent  expression  of  Judgements. 

All  responses  received  from  the  expertB  are  processed  and 
studied  by  forecasters  in  two  aspects:  1)  analysis  of  the  content 
of  the  problems  and  of  the  approaches  to  their  solution,  and  2) 
conversion  into  the  form  of  quantitative  evaluations.  These  and  other 
data  serve  as  the  initial  elements  for  the  synthesis  of  forecast 
hypotheses  and  variants  of  development.  In  any  case,  forecasters  who 
are  using  expert  evaluations  must  be  warned  against  two  extremes 
which  constantly  threaten  them:  excessive  faith  in  the  individual 
Judgements  of  authorities^  on  the  one  hand,  and  blind  following  of 
a  depersonalized  statistical  majority,  on  the  other.  Attentive 
examination  and  consideration  of  the  structure  of  arguments  of  the 
experts,  differentiation  of  approaches  in  accordance  with  the  specific 
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features  of  the  object  of  the  forecast  -  these  are  essential  criteria 
of  a  truely  scientific  forecast.  In  a  research  forecast  on  fundamental 
sciences  the  greatest  weight-will,  probably,  be  vested  ib  individual 
Judgements  of  the  experts;  in  program  forecasting  of  applied  research 
and  development  special  attention  is  paid  to  the  predominant  views 
of  specialists,  and  in  an  organizational  forecast  the  forecaster  must 
strive  to  the  maximum  to  use  the  capabilities  of  direct  calculation  of 
resources,  requirements,  and  prospects. 


The  procedure  for  statistical  processing  of  the  materials  of  an 
expert  evaluation  depend  on  the  nature  of  the  questions  posed  to  the 
experts.  As  an  example,  a  procedure  for  processing  expert  data  on 
two  types  of  questions  is  outlined  below. 


Evaluation  of  the  relative  importance  of  different  direotione  of 
reeearoh  and  development.  The  specific  features  of  processing 
materials  of  an  expert  evaluation  on  problems  of  this  type  are 
connected  with  the  selection  of  the  indices  of  Importance.  The 
following  indices  of  importance  can  be  introduced. 


Average  statistical  value  of  the  quantity  of  an  evaluation  of 
a  certain  direction  of  research  (in  points): 


U, 


(1) 


where  Mj  iB  the  mean  statistical  value  of  the  quantity  of  the 
evaluation  of  the  J-th  direction  of  research;  mj  is  the  number  of 
experts  who  evaluated  the  J-th  direction  of  research;  C^j  is  the 
evaluation  (in  points)  of  the  J-th  direction  of  research  by  the  i-th 
expert . 


The  coefficient  of  "specific  weight"  of  a  given  direction  is 


,S°“ 


s&  s* 


(2) 


where  n  is  the  number  of  directions  of  research;  kyJ  is  the  coefficient 
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of  the  specific  weight  of  the  J-th  direction  of  research,  character¬ 
izing  the  fraction  of  the  total  of  points  received  by  the  j-th 
direction  of  research  in  the  total  of  points  obtained  by  all  directions; 
k&  a  is  the  coefficient  of  the  "activity"  ["enthusiasm"]  of  the 
experts  for  the  j-th  direction  of  research: 

k  -5* 

Ka.a.J  n* 

where m  is  the  total  number  of  experts  taking  part  in 
evaluation  and  n  represents  the  number  of  directions 

The  frequency  of  the  highest  (maximum  possible)  evaluations  is 


where  k,Q01  is  the  frequency  of  the  maximum  possible  evaluations 
obtained  by  the  J-th  direction  of  research;  m100j  is  the  number  of 
maximum  possible  evaluations  (100  points)  obtained  by  the  J-th 
direction  of  research. 

Yet  another  index  of  importance  -  the  sum  of  the  ranks  SRj  -  is 
determined  in  accordance  with  the  methods  of  rank  correlation  [105, 

106]  bj  two  groups  of  operations. 

1.  Ranking  with  respect  to  diminishing  evaluations  given  by 
each  expert  on  each  direction  of  research.  For  this  purpose  numbers 
of  a  natural  series  are  ascribed  to  the  evaluations  given  by  the  i-th 
expert  to  J  directions  of  research:  number  1  -  maximum  evaluation, 
and  number  n  -  minimum.  If  all  evaluations  are  different,  the 
corresponding  numbers  of  the  natural  series  are  ranks  of  evaluations 
by  the  i-th  expert  of  these  directions  of  research. 

If  some  of  the  evaluations  given  by  a  certain  expert  are  ^ 
identical,  an  identical  rank  IV  ascribed  to  Them  equal  to  the  arithmetic 
mean.  The  number  of  experts  evaluating  at  least  one  direction  of 
research  will  be  designated  aB  m^. 


(3) 

the  expert 
of  research. 
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2.  Determination  of  the  sum  of  ranks 
to  the  J-th  direction  of  research: 

5*  i  ■=*  S  till. 

i-i 

where  R.  is  the  rank  assigned  by  the  1-th  expert  to  the  J-th  direction 
of  research. 

It  is  obvious  that  during  comparison  of  the  Importance  of 
different  directions  of  research  in  terms  of  SR  the  direction  which 
is  characterized  by  the  least  value  of  SR  should  be  considered  to  be 
the  most  important. 

Determination  of  the  degree  of  matching  of  opinions  of  the 
experts  with  regard  to  the  relative  importance  of  a  certain  direction 
of  research  is  extremely  important.  It  is  characterized  [107]  by 
the  variation  coefficient,  which  is  the  relative  mean  square  deviation: 

v,  -  <*> 

J 

where  v.  is  the  variation  coefficient  for  the  J-th  direction  of 
research;  a,  is  the  mean  square  deviation  of  the  evaluations  (in 
points)  given  to  the  J-th  direction  of  research;  M.  is  the  mean 
statistical  magnitude  of  the  evaluation  (in  points)  of  the  J-th 
direction  of  research. 


assigned ‘by  m^  experts 

(5) 


The  mean  square  deviation  a  is  determined  according  to  the  formula 

"  /°J»  (7) 

where  1b  the  scatter  of  evaluations  assigned  to  the  J-th  direction 
of  research: 

(8) 

*5 - s; - • 

The  degree  of  matching  of  evaluations  given  to  all  directions 
of  research  by  the  collective  of  experts  is  characterized  by  the 


concordance  coefficient  W,  which  is  defined  [105]  for  each  table  of 
evaluation  of  importance  by  the  formula 


W  — - 


"•*(»*— »)-■» 


(9) 


where  d.  is  the  deviation  of  the  sum  of  rankB  obtained  by  the  J-th 
direction  of  research  from  the  arithmetic  mean  of  the  sums  of  ranks 
obtained  by  all  directions  of  research;  dj  is  determined  by  the  formula 

•  SRJ  '  U0) 

in  which  SR.  is  the  sum  of  ranks  assigned  by  m1  experts  to  the  J-th 
direction  of  research  and  M[SR]  is  the  arithmetic  mean  of  the  sum  of 
ranks  obtained  by  all  directions  of  research.  It  is  defined  as 


fef 
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is  the  index  of  connected  (equal)  ranks  and  depends  on  the  quantity 
t  of  them  designated  by  the  i-th  expert: 

TJ  -  2(t3  -  t).  (12) 

1  t 


If  all  n  evaluations  (ranks  expressed  by  the  i-th  expert)  are 
different,  then  -  0.  If  some  among  them  are  identical,  Tj  is 
determined  according  to  formula  (12). 


The  concordance  coefficient  W  can  take  the  values  0  <  W  <  1. 

With  complete  matching  of  the  opinions  of  the  experts  W  -  1.  The 
change  in  W  from  0  to  1  corresponds  to  an  increasing  degree  of 
matching  of  the  opinions  of  the  experts. 

During  determination  of  the  concordance  coefficient  the  problem 
of  the  level  of  significance,  i.e.,  the  determination  of  the 
probability  that  the  agreement  of  opinions  of  experts  as  characterized 
by  the  defined  concordance  coefficient  is  a  random  coincidence,  is  a 
very  important  matter. 


We  shall  employ  the  so-called  Pearson  criterion  x»  for  defcermina- 

n 

tlon  of  the  significance  level. 

2 

We  will  calculate  the  quantity  Xr  by  the  formula 

<— * 

*«  ”  |  HT"  * 

+  — V  f} 


(13) 


We  will  determine  the  number  of  "degrees  of  freedom"  as 

v  -  n*  -  1.  (1<I) 


Then  we  use  the  table  of  values  of  "chi-square"  to  find  for  a 

given  number  of  degrees  of  freedom  v  the  tabular  value  which  is 

2 

closest  to  the  value  of  Xr  determined  according  to  formula  (13).  We 
use  the  same  table  to  determine  the  level  of  significance  for  the 
found  tabular  value. 

An  Important  element  of  the  procedure  of  processing  the  data  of 
an  expert  evaluation  is  the  determination  of  the  group  of  experts 
within  which  matching  of  opinions  is  high,  and  also  finding  experts 
who  have  unique  points  of  view  which  differ  from  the  opinion  of  the 
majority.  On  the  subsequent  stages  of  expertise  this  makes  it  possible 
to  formulate  c ount erargument s  against  the  most  widely  held  directions 
In  order  either  to  strengthen  the  position  of  the  majority  or  to 
carry  out  a  number  of  additional  studies  to  check  sharply  differing 
evaluations  of  individual  experts. 


A  low  value  of  the  concordance  coefficient  indicates  weak  matching 
of  opinions  of  the  experts.  Usually  this  is  observed  in  those  cases 
when  a  certain  commonality  of  opinions  has  not  been  developed  within 
a  given  group  of  experts  or  when  opinion  within  the  group  is  divided. 
This  problem  is  studied  in  the  process  of  forecasting  both  on  the 
contextual  level  and  by  means  of  diagrams  of  paired  correlation. 

Evaluation  of  the  time  of  aooompliehing  an  event.  The  arrangement 
of  evaluations  on  a  time  scale  is  characteristic  of  problems  of  this 
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type.  During  statistical  treatment  of  such  materials  it  is  advisable 
to  use  such  methods  as  determining  the  upper  and  lower  quartiles 
and  the  median  of  distribution  of  evaluations.  These  parameters 
characterize  the  investigated  totality  of  initial  data  with  adequate 
completeness. 


The  upper  and  lower  quartiles  and  the  median  are  determined  as 
follows.  First  of  ell  the  evaluations  are  ordered  along  the  time 
axis.  The  middle  term  of  the  evaluations  arranged  along  the  time 
axis  forms  the  median.  The  median  possesses  this  property:  the 
number  of  evaluations  (arranged  along  the  time  axis)  which  indicate 
earlier  dat^s  and  those  which  indicate  later  dates  are  equal  in 
number.  Then  the  values  of  the  upper  and  lower  quartiles  of  the 
ordered  totality  of  evaluations  are  determined.  These  values  are 
selected  in  such  a  manner  that  25*  of  all  evaluations  will  be  earliest 
and  25*  will  be  latest.  The  quartiles  and  the  median  break  up  the 
totality  of  evaluations  into  four  groups  which  are  equal  in  number. 

The  value  of  the  median  can  be  interpreted  as  the  index  of  the 
generalized  opinion  of  the  experts  on  the  time  of  achievement  of  a 
certain  event.  The  values  of  the  two  central  quartiles,  and  also 
those  of  the  earliest  and  latest  evaluations,  characterized  the 
degree  of  matching  of  opinions  of  the  experts  concerning  the  time  of 
accomplishment  of  the  event. 


Some  results  of  processing  the  data  from  a  collective  expert 
evaluation  are  given  below*.  These  results  represent  an  insignificant 
part  of  the  conclusions  obtained  in  the  expertise  process  and  are 
presented  in  the  given  case  only  as  an  illustration  of  certain 
possibilities  of  the  outlined  procedure. 

Table  13  summarizes  the  results  of  a  collective  expert  evaluation 
of  the  relative  importance  of  the  development  of  different  directions 
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of  research  and  development  for  achieving  the  subgoal  of  facilitating 
the  man-computer  Interface.  The  table  shows  the  ranks  of  significance 
described  above  as  evaluated  by  various  Indices.  According  to  this 
table  the  coefficient  of  concordance  W  -  0.411  for  a  significance 
level  of  0.001. 

For  the  overall  purpose  and  for  all  three  of  Its  subgoals 
(Including  that  examined  in  Table  13)  the  experts  recognize  as  one 
of  the  most  Important  areas  of  research  the  Improvement  of  software. 

The  improvement  of  peripheral  gear  and  communications  techniques, 
and  also  the  development  of  formal  languages,  were  evaluated  as  most 
important  features  for  solving  the  problem  of  facilitating  the  human/ 
computer  interface.  Naturally,  the  relative  importance  of  different 
areas,  studies,  and  developments  varies  depending  upon  the  specific 
subgoal.  Improvement  in  the  structure  of  electronic  computers  was 
recognized  as  one  of  the  most  Important  directions  for  improving  the 
"intellect"  and  productivity  of  computers,  while  improving  the 
organization  of  computer  use  is  recognized  as  having  high  importance 
for  increasing  the  total  productivity  of  the  nation's  computer 
inventory.  The  experts  consider  the  improvement  in  the  elementary  and 
technological  base  as  being  most  important  for  improving  the 
productivity  of  an  individual  electronic  computer. 

The  distribution  of  opinions  of  the  experts  relative  to  the  time 
of  accomplishing  one  specific  event  in  improving  the  construction  of 
electronic  computers  -  the  introduction  of  multifunctional  element 
circuits  which  can  be  adjusted  according  to  a  program  -  is  shown  on 
Fig.  33.  According  to  this  generalized  evaluation,  such  an  event 
can  be  expected  in  the  U.S.  in  the  1975-1976  period  and  in  the  USSR 
in  1976-1978  (in  each  case  the  medians  are  indicated  by  the  shaded 
strip  of  the  time  interval).  When  including  such  evaluations  into 
a  synthetic  forecast  information  set  it  is  appropriate  to  turn 
attention  to  the  lengthiness  of  the  range  of  evaluations,  in  particular 
with  respect  to  the  two  central  quartiles,  reflecting  the  greatest 
coincidence  of  opinions  of  half  of  the  experts  (in  the  considered 
example  the  scatter  of  such  evaluations  with  respect  to  the  USSR 
comprises  3  years  sued  that  with  regard  to  the  USA  is  6  years). 


Pig.  33.  Evaluation  of  the  tine  of  intro¬ 
duction  of  multifunctional  element  cir¬ 
cuits  adjustable  according  to  a  program 
into  lot-produced  electronic  computer 
structures. 


Fig.  3*1.  Evaluation  of  the  optimum 
specific  fraction  of  multiprogram  elec¬ 
tronic  computers  in  the  future  computer 
inventory  of  the  nation. 

Figure  3H  gives  a  clear  presentation  of  the  distribution  of 
expert  opinions  with  regard  to  the  optimum  specific  weight  of  multi- 
program  machines  in  the  country's  electronic  computer  inventory  in 
the  next  10-15  years.  The  majority  of  experts  (*'<70$)  consider  that 
this  index  falls  within  the  limits  of  *J0  to  80JL  The  generalized 
evaluation  of  the  experts  (statistical  average  value  of  evaluations) 
amounts  to  this:  the  optimum  specific  fraction  of  multiprogram 
electronic  computers  will  comprise  a  quantity  on  the  order  of  55%  of 
the  total  number  of  operating  machines. 

The  experts  were  also  requested  to  Join  in  one  of  the  'Judgements  on 
the  problem  of  improving  the  organization  of  electronic  computer  utiliza¬ 
tion.  Results  of  processing  the  opinion  showed  the  following:  the  maj¬ 
ority  of  experts  (*80){)  consider  that  in  the  case  of  rational  organiza¬ 
tion  of  electronic  computer  utilization  it  is  advisable  to  attempt  to 
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reach  a  situation  in  which  each  user  has  "his  own"  computer  only  for 
solution  of  simple  monotypic  problems  which  occur  in  large  quantities, 
while  when  solution  of  complex  problems  is  necessary  centralized 
service  should  be  provided  or  access  to  large  processers  by  means  of 
panels  and  communication  lines  should  be  made  available.  Only  about 
3 %  of  the  experts  Join  in  the  opinion  that  each  user  should  have 
"his  own"  electronic  computer  for  solution  of  all  problems. 

The  results  of  an  experimental  check  of  the  outlined  procedure 
for  collective  expert  evaluation  made  it  possible  to  conclude  that  it 
is  suitable  for  purposes  of  scientific  and  technological  forecasting. 

At  the  present  time  the  procedure  is  being  improved  in  the  direction 
of  perfecting  methods  of  dividing  experts  into  groups  within  which 
the  matching  of  opinions  is  high,  and  also  methods  for  bringing  out 
and  considering  unique  (although  few  in  number)  opinions  of  experts 
on  stated  questions  [1093 • 

One  very  promising  idea  for  the  future  development  of  methods 
of  expert  evaluation  (V.  M.  Glushkov)  consists  in  the  following, 
clarifying  and  formulating  conditions  for  achieving  each  of  the  levels 
of  progress  in  the  forecast  region  in  the  process  of  goal-directed 
and  multistage  interrogation  of  experts.  The  sequence  of  actions 
being  undertaken  here  is  typical  for  program  forecasting  -  the  problem 
is  "scanned"  from  the  future  to  the  present  for  the  purpose  of 
establishing  intermediate  key  events  and  fixing  the  cause-effect 
relations  between  them:  goal  A  is  formulated;  the  experts  advance  the 
realization  of  events  a  and  b  as  conditions  of  its  achievement  (here 
and  below  the  expected  significance  and  probability  of  accomplishing 
the  events  is  evaluated);  for  the  achievement  of  events  a  and  b  the 
experts  (their  professional  composition  can  vary  on  each  step  of  the 
development)  designate  new  conditions  (x,  y,  z  and  a,  8,  Y*  etc.) 
right  up  to  occurrence  of  events  which  are  today  actually  included 
in  the  plan  of  scientific  research  and  development. _  _ 

The  hypothetical  nets  of  events  constructed  in  this  way  are  charac 
terized  both  by  the  presence  of  critical  and  subcritical  pathB  and  by 
the  presence  in  them  of  "dependent"  branches  of  events  for  which  the 
positions  of  contemporary  ideas  do  not  permit  the  formulation  of 
realization  conditions  which  merit  confidence. 
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The  content  of  these  cases  is  the  object  of  special  study. 

Besides  this,  the  nets  are  analyzed  mathematically  by  methods 
developed  for  evaluation  and  forecasting  of  planning  and  control  netB 
(PCN).  The  results  of  the  work  are  used  to  forecast  the  most  urgent 
programs  of  future  research  and  development. 

Special  attention  is  paid  to  the  "dependent"  branches  of  events. 

With  regard  to  certain  of  these  which  are  capable  of  causing 
significant  changes  in  the  process  of  achieving  the  basic  goal,  the 
forecasters  formulate  argumentative  proposals  on  the  organization  of 
special  exploratory  research.  Others  are  studied  in  the  course  of 
subsequent  forecasting  work  by  means  of  all  known  methods,  including 
informational  (and  in  particular  patent)  analysis. 

It  is  important  to  emphasize  that  this  entire  procedure  is 
subject  to  algorithmization.  The  obtained  nets  of  events  with  all 
evaluations  and  incompleted  branches  are  stored  in  the  memory  of  an 
electronic  computer.  Accomplishment  of  survey  and  analysis  of  the 
nets  and  the  course  of  their  realization  by  means  of  electronic 
computers  is  also  provided.  In  the  course  of  actual  investigations 
and  also  on  the  basis  of  newly  arriving  scientific  and  technological 
information  and  expert  evaluations  it  is  possible  to  provide 
relatively  objective  and  automatic  reevaluation  of  earlier  formulated 
hypotheses,  right  up  to  output  of  information  on  the  necessity  of 
returning  to  a  previously  rejected  variant  of  development  of  the  work. 

Since  the  forecast  information  (in  view  of  the  conditions  of  the 
expertise  method)  included  information  on -specialists  trained  under 
newly  arising  conditions  to  decide  a  certain  problem  and  to  give  the 
most  highly  Justified  evaluation  of  the  routes  of  its  solution,  the 

electronic  computer  can  formulate  preliminary  assumptions  on  the _ 

composition  of  executive  agents  for  a  cycle  of  research  or  developments, 
which  becomes  particularly  urgent  under  the  influence  of  newly  arising 
requirements  and  scientific  and  technological  capabilities. 

The  method  of  forecasting  problem  research  developed  at  the 
Institute  of  Cyber letics  of  the  Georgian  Academy  of  Sciences  [110] 
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may  prove  useful  for  the  realization  of  ideas  of  this  type.  The  ideas 
of  induced  heuristic  programming  which  are  used  here  are  assigned  on 
the  basis  of  a  survey  of  a  logically  complete  set  of  "object"  signs 
by  a  group  of  experts  with  participation  of  a  forecaster  (chief)  to 
stimulate  psychologically  the  unique  process  of  formulating  paths  for 
the  development  of  problems  and  the  advancing  of  hypotheses  and 
considerations  on  the  most  promising  successive  actions  of  the 
researcher. 

Realization  of  these  possibilities  as  they  unfold  before  the 
forecaster  will,  in  essence,  designate  transition  from  methods  of 
expert  evaluation  to  methods  of  simulation  of  the  predicted  concepts. 

3.  Simulation  methods 

Forecasters  rest  very  great  hopes  oiT  solution  of  the  problem  of 
simulating  essential  processes  and  phenomena  of  scientific  development. 
The  study  of  science  as  a  whole  only  approaches  the  development  of 
the  problem  of  simulating  its  specific  objects  of  scientific  study. 
Certain  existing  methods  of  forecasting  using  the  simulation  approach 
are  more  worthy  of  intensive  attention.  In  this  respect  the  group  of 
methods  of  forecasting  by  historical  analogy  has  the  oldest  traditions. 

On  the  basis  of  study  of  the  internal  logic  of  the  development  of 
a  specific  scientific  discipline  the  researcher  constructs  an  histor¬ 
ical  logical  model  corresponding  to  it.  Then  the  resolution  of 
certain  conflicts  in  situations  possessing  a  commonality  of  properties 
with  it  is  forecast  in  accordance  with  this  model  [111].  The 
popularity  of  logical  specimen  models  designed  by  means  of  the  method 
of  historical  analogy  rests  not  only  on  traditions  but  also  on  the 
many  acts  of  continuity  in  the  development  of  scientific  principles 
and  ideas,  well-known  to  historians  of  the  natural  sciences. 

In  this  connection  the  Judgement  formed  35  years  ago  by  S.  I. 
Vavilov  is  of  interest.  He  turned  his  attention  to  the  "obvious  and 
anything  but  trivial  growth  in  natural  sciences  and  technology  and  the 
hundreds  of  thousands  of  people  creating  the  history  of  science  on 
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the  globe  before  our  eyes.  We  cannot  pass  without  turning  attention 
to  this  tireless  motion,  this  powerful  phenomenon  of  nature,  capable 
of  changing  the  Earth  no  less  radioally  than  earthquakes  and  floods. 

As  ever,  to  understand  this  process  means  In  many  respects  to  master 
and  to  learn  to  direct  it  where  necessary.  The  history  of  science  is 
a  necessary  and,  if  you  please,  even  sufficient  prerequisite  for 
planning  science.  Therefore  sooner  or  later  the  history  of  science 
must  become  a  science.  Up  to  this  time,  however,  it  remains  in  the 
cradle  of  personal  characteristics  and  biographies,  chronological 
dates,  and  in  many  cases  very  imperfect  documentation"  [112]. 

A  consciousness  of  history  in  the  approach  to  forecasting  Is 
a  mandatory  condition  for  the  latter  to  be  of  a  scientific  nature. 

It  is  mandatory,  but  is  by  no  means  sufficient.  During  direct  fore¬ 
casting,  the  need  for  using  historical  experience  (in  particular, 
analogies)  with  extreme  care  is  completely  obvious  —  it  is  necessary 
to  consider  with  special  caution  the  specific  features  of  the 
sciences  to  be  forecast  and  to  bear  in  mind  requirements  and 
capabilities  of  their  development  which  are  new  in  principle  and 
which  arise  in  the  new  historical  situation;  not  infrequently  they 
occur  in  remote  fields  of  science,  technology,  and  production.  If  the 
method  of  historical  analogies  were  universal,  as  we  are  frequently 
inclined  to  regard  it,  scientific  and  technological  policy  would  be 
formulated  by  historians  and  not  by  specialists  who  know  contemporary 
experience  best. 

At  the  same  time  a  very  important  factor  in  the  forecasting  and 
planning  of  new  technology  and  of  new  scientific  research  work  is 
the  definite  quimtitative  evaluation  of  the  volume,  completeness, 
and  effectiveness  of  the  utilization  of  accumulated  experience,  and 
specific  trends  toward  absorption  of  new  scientific  results,  including 
those  obtained  by  the  fundamental  sciences,  by  a  given  branch  of 
technology.  The  urgency  of  this  problem  arises  from  the  sharply 
growing  rates  of  obsolescence  of  technical  equipment  in  the 
contemporary  era. 


The  American  project  "Hindsight"*  (1964-1966)  [113,  114], 
specially  oriented  toward  study  of  this  problem,  permitted  a  retro¬ 
spective  evaluation  of  the  effectiveness  cf  a  complex  of  applied 
scientific  research,  specifically  evaluating  (in  terms  of  time, 
money,  achieved  technical  parameters)  the  characteristics  of  those 
new  ideas  which  led  to  improvements  in  each  of  che  investigated 
technical  systems  over  the  preceding  systems. 

The  majority  of  these  ideas  fell  outside  the  field  of  fundamental 
sciences  and  exploratory  research.  Out  of  43  basic  technological 
"events"  which  made  possible,  for  example,  the  missile  system 
"Bullpup,"  23  were  accomplished  in  a  period  of  more  than  12  years 
(maximum  —  40  years),  while  20  fell  within  this  period  (minimum  4 
years).  There  was  also  obtained  a  specific  value  of  the  minimum 
required  totality  of  innovations  (in  the  given  case  the  "critical 
mass"  ■  46*  of  the  "events"),  malting  it  possible  to  achieve  new 
properties  on  the  basis  of  known  ideas. 

This  type  of  specific  analysis  of  the  historical  scientific  and 
technological  experience  can  place  a  number  of  essential  "normative" 
data  at  the  disposal  of  m  and  OH. 

In  a  number  of  cases  direct  long-term  planning  of  scientific  and 
technological  development  is  preceded  by  logical  simulation  in  complex 
form  of  the  future  scientific  and  technological  policy,  including  the 
following:  the  formulated  economic,  political,  and  other  goals  of  the 
given  state,  description  of  a  number  of  scientific  and  technological 
possibilities  for  their  achievement,  the  characteristics  of  resources 
and  requirements  which  condition  the  advisability  of  making  this  or 
that  government  decision.  In  scientific  forecasting  such  a  descriptive 
document  is  called  a  "scenario  of  the  future."  Usually  it  must  be 
developed  after  completion  of  a  complex  of  operations  with  respect  to 
quantitatively  determined  forecasting  [115,  116]. 


•Hindsight  (Eng.)  -  looking  back. 
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A  specifically  important  role  in  the  entire  outlined  concept  of 
forecasting  is  played  by  methods  of  data  simulation.  The  character¬ 
istic  properties  of  massive  flows  of  scientific  and  technical 
information  considered  by  us  earlier  (Chapter  II)  predetermine  a 
number  of  possibilities  for  analyzing  trends  in  the  progress  of 
science  and  technology  with  respect  to  "information  signals"  -  by 
the  change  in  the  quantitative  and  structural  parameters  of  these 
flows . 

These  ideas  are  outlined  systematically  in  the  collective  works 
of  Soviet  scientists  [12,  13,  117-120]  dedicated  to  analysis  of  the 
laws  of  scientific  and  technological  development  and  to  forecasting 
it.  Therefore  we  will  limit  ourselves  here  to  the  characteristics  of 
the  principal  aspects  of  information  methods  of  analysis  and  forecasting. 

The  interesting  possibilities  of  understanding  the  technical 
ideas  which  have  a  tendency  to  alter  the  aspect  of  a  given  type  of 
technology  are  opened  by  analysis  from  all  sides  of  the  array  of 
claims  of  inventions  -  the  earliest  and  most  complete  collection  of 
documents  reflecting  the  search  for  new  technological  solutions. 

As  an  example.  Pig.  35  shows  a  diagram  which  we  prepared  together  with 
L.  P.  Smirnov  as  the  result  of  analysis  of  initial  Soviet  claims  to 
inventions  in  mining  technology. 

Data  on  this  type  reflect  a  regular- process  influenced  by  practical 
experience,  industrial  requirements,  and  scientific  research.  In  the 
considered  case  this  is  expressed  in  the  redistribution  of  the  interest 
of  combine  designers  from  the  use  of  the  principle  of  cutting  action 
to  the  use  of  the  more  promising  principles  of  fracturing  the  coal 
("heavy  chipping,"  planing,  and  their  combination).  It  is  appropriate 
to  call  attention  to  the  fact  that  both  here  and  in  the  example 
outlined  earlier  (Chapter  II,  Pigs.  7  and  8)  the  thematic  redistribu¬ 
tion  of  efforts  of  creaters  of  new  technology  was  approximately  8-10 
years  in  advance  of  the  changes  occurring  in  the  subsequent,  actually 
created  technical  equipment. 
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Pig-  35.  Trends  in  the  thematic 
redistribution  of  efforts  of  crea¬ 
tors  of  new  technology. 

Active  efforts  are  also  known  to  develop  methods  of  analyzing 
information  signals  found  in  flows  of  published  patent  documents 
concerning  world  technological  experience.  By  coding  the  information 
contained  in  patents  on  a  certain  class  of  technical  equipment  it  is 
possible  to  determine  those  elements  and  types  of  technical  decisions 
for  which  the  acceleration  of  the  increment  of  new  data  (Y)  essentially 
differs  from  the  average  values.  B.  N.  Tardov  proposes*  that  thiB  be 
considered  as  signaling  the  fact  that  in  5-8  years  a  decilfon  of  this 
type  will  alter  the  corresponding  characteristics  of  practically 
applicable  technical  equipment . 

For  example,  here  is  how  such  characteristics  calculated  according 
to  the  world  patent  literature  of  recent  years  as  relating  to  the 
design  of  aircraft  would  appear.  While  as  a  whole  Y  -  +11.0  in  this 


•This  problem  is  the  subject  of  a  series  of  articles  by  B.  N. 
Tardov  in  the  collections  LH9,  120,  126], 
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area,  with  respect  to  the  problem  of  vertical  takeoff  Y  -;+22.0;  as 
regards  ideas  for  changing  the  direction  of  the  Jet  flow  Y  ■»  +26.0, 
and  with  respect  to  thrust  reversal  Y  -  +23.0,  etc.  The  smallest 
values  of  this  information  flow  are  found  with  respect  to  3uch 
elements  as  a  wing  with  a  variable  area,  Y  -  -22.0,  hermetic  sealing 
Y  -  -17.0,  annular  and  semiannular  wings  Y  ■  -15.0,  etc.  [12,  page  100]. 

Subsequently  it  is  necessary  to  verify  the  forecast  value  of  the 
engineering  and  technological  conclusions  ensuing  from  detailed 
analysis  of  patent  data.  The  procedure  for  classification  of  the 
content  of  patents  and  evaluation  of  the  nature  of  the  data  requires 
improvement  with  consideration  of  the  principal  differences  existing 
in  national  patent  Bystems  and  in  the  motivation  for  patenting  new 
ideas,  and  with  account  taken  of  the  influence  of  world  market 
conditions  on  this  process. 

A  developed  concept  of  technical  forecasting  based  on  analysis 
of  patent  information  was  presented  in  the  works  of  V.  Q.  Qmoshinskiy 
[12,  119,  121],  a  specialist  at  the  TsNIIFI  [Central  Scientific 
Research  Institute  of  Patent  Information  and  Technical  and  Economic 
Research].  A  special  feature  of  this  approach  is  the  effort  made 
during  analysis  of  the  dynamics  of  patenting  to  take  into  acocunt 
qualitative  characteristics  of  patents  which  determined  their 
engineering,  technological,  and  potential  economic  significance  -  to 
give  them  a  generalized  quantitative  evaluation. 

The  developed  procedure  provides  that  the  forecaster  who  is 
familiar  with  a  specific  area  of  technology  will  accomplish  three 
successive  stages  of  the  work:  a)  evaluation  of  each  of  the  totality 
of  patents  to  be  analyzed  for  so-called  "completeness"  (engineering 
and  technological  significance  and  economic  promise);  b)  determination 
of  the  promise  in  different  groupe  of  technical  decisions  by  comparing 
the  summary  indices  of  significance  of  the  decisions  which  compete 
against  each  other  (intended  for  solution  of  similar  problems);  c) 
evaluation  of  the  level  of  patenting  with  respect  to  the  eubdivieion 
of  technical  equipment  (branch)  as  a  whole  and  the  formulation  of 
general  conclusions  about  development  trends  on  this  basis. 
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Table  14. 
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Evaluations  are  carried  out  in  dimensionlees  quantities  (points; 
The  criteria  for  designation  of  quantitative  evaluations  are  summarized 
in  special  tables  developed  for  each  class  of  technical  equipment. 

These  tables  contained  five  characteristics  with  five  positions  in  each 
(10  x  10  tables  are  also  possible).  The  structure  and  content  of  the 
tables,  as  well  as  the  "weight"  of  their  positions,  issue  from 
contemporary  scientific  ideas  and  technological  experience,  and  also 
take  into  account  actually  accumulating  economic  interest  towar  a 
given  type  of  innovation.  As  an  example  we  can  present  the  summary 
of  such  characteristics  and  the  system  for  their  evaluation  as  they 
relate  to  the  technology  of  foundation  construction  (Table  14). 


The  completeness  factor  T  of  a  single  Invention  is  calculated  as 
the  ratio  of  the  sum  q  of  evaluations  obtained  by  the  given  patent  to 
the  maximum  possible  sum  Q  in  the  table*: 


T-|j0,  2<,T<1.0. 

The  sum  of  the  coefficients  T  for  a  group  of  n  patents  is  called  the 
reduced  number  of  patents  M: 

n 


If  we  summarize  the  reduced  number  of  patents  M  issued  in  each  year 
as  a  running  total  over  the  last  8-10  years  and  divide  this  sum  by 
the  total  nominal  number  N  of  patents  for  this  period  (also  calculated 
as  a  running  total),  we  obtain  the  value  of  the  generalized  coefficient 

of  completeness  of  the  flow,  T^: 


r.,-4 - ;  o^<r«<i,o. 

jjj'W* 


•If  it  was  impossible  to  make  an  evaluation 
particular  position,  then  the  points  corresponding  to  this 
and  entering  into  q  and  Q  are  taken  as  equal  to  zero. 


to  any 
position 


161 


In  accordance  with  the  obtained  valuea  of  the  evaluations,  the 
forecaster  draws  conclusions  on  the  promise  for  practical "application 
of  one  or  another  totality  of  technical  decisions  fixed  in  the 
patents.  For  example,  the  advisability  of  introducing  a  patent 
(or  a  group  of  technical  decisions)  with  T  (T  )  -  3.  to  0.8  is  very 
high;  with  T  -  0.79  to  0.6  it  is  advisable;  when  T  -  0.59  to  0.4  the 
advisability  is  low,  and  when  T  -  0.39  to  0.2  introduction  is 
inadvisable.  The  author  considers*  that  the  range  of  forecast 
conclusions  from  this  analysis  is  symmetrical  with  the  depth  of 
retrospection  (patenting  in  1958  corresponds  to  massive  use  of  the 
invention  in  1968;  1959  corresponds  to  1969,  etc.). 


I6'  /?FecaB*  of  application  of 
pile  foundations.  1  —  per  group  of 

rammed  piles;  2  -  per  group  of  driven 
piles . 


An  information  model  of  the  future  redistribution  of  specific 
weight  of  two  competing  types  of  technical  decisions  is  presented  on 


checking^  p08ltlon  w111  be  subjected  to  more  thorough  experimental 
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The  forecast  data  obtained  by  the  author  of  the  procedure  in 
1966  permit  him  to  assert  that  in  1976  we  can  expect  that  driven  piles 
will  be  used  in  55  cases  out  of  100,  while  rammed  piles  will  be  used 
in  45  (in  1966  these  figures  were  20  and  80,  respectively).  Forecasts 
were  obtained  in  a  similar  manner  regarding  the  fact  that  at  the  end 
of  1976  dropped  sewers  and  forced  Immersion  shells  will  be  applied  in 
47  cases  out  of  100,  that  drilled  supports  will  be  used  in  32,  and 
caissons  (unmanned)  in  21  cases.  The  forecast  ascribed  special 
promise  to  the  use  in  construction  of  deep  foundations  of  the  so-called 
root  foundation,  whose  construction  imitates  the  branching  root 
system  of  a  tree. 

Even  several  decades  ago  attention  was  turned  to  the  possibility 
of  Judging  the  rates  and  nature  of  development  of  one  or  another 
branch  of  scientific  activity  with  respect  to  data  from  the  statistics 
of  scientific  literature  [122,  123].  In  the  last  decade,  thanks  to  the 
formation  of  the  information  concept  of  the  study  of  science  within 
its  framework,  these  "statistical  assiilts"  expanded  into  systematic 
analysis  of  the  informational  phenomenon  of  science,  in  efforts  to 
formulate  and  analyze  unique  informational  models  of  growth  of  science. 

The  following  are  examined  within  the  frameworks  of  these  methods: 
the  dynamics  of  growth  of  the  number  of  scientific  Journals,  the 
structure  of  the  flow  of  publications  and  abstracts,  the  frequency 
with  which  printed  works  are  used,  and  the  dispersion  and  "aging"  of 
publications.  These  data  are  compared  with  trends  in  the  growth 

of  the  number  of  scientists,  the  size  of  appropriations  for  science, 
etc. 


A  similar  type  of  tracing  of  trends  is  carried  out  on  world, 
national,  and  regional  scales.  If  comparison  of  the  global  picture 
with  national  data  shows  an  essential  difference  in  the  quantitative 
evaluation,  while  the  qualitative  analysis  of  the  region  attests  to 
its  urgency  for  achieving  specific  national  goals  of  scientific  and 
technological  development,  the  complex  of  observations  can  and  must 
serve  as  a  stimulus  for  making  decisions  -  for  organizational  actions 
with  regard  to  the  scientific  system,  in  order  to  increase  the 
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activity  and  fruitfulness  of  the  work  of  scientists  in  the  desired 
directions  of  research  [124,  125] .  \w 

Students  of  science  turn  their  attention  to  such  essential 
circumstances  as  the  similarity  in  the  number  of  generalizing  curves 
and  the  correspondence  of  many  of  them  to  the  exponential  "law  of 
motion  of  science"  to  a  period  of  doubling  of  the  running  total  of 
data  on  the  order  of  10-15  years  [21].  Continuation  of  more  detailed 
investigation  of  the  experience  of  different  branches  of  science 
showed  that  exponential  growth  occurs  only  aB  a  most  generalizing 
trend,  being  manifested  only  in  flows  of  information  produced  by  large 
and  mixed  groups  of  scientific  disciplines  (for  example,  physics  or 
chemistry  as  a  whole). 

In  this  case  in  those  fields  of  science  which  live  out  a  period 
of  vigorous  formation  the  rate  of  growth  of  the  reserve  of  information 
is,  as  a  rule,  substantially  higher.  For  example,  the  mass  of  works 
on  methods  of  screening  experiments  (one  of  the  branches  of  mathemati¬ 
cal  theory  of  planning  experiments)  has  a  doubling  period  equal  to 
5.4  years  [126].  We  will  note  that  in  differentiated  directions  of 
science  not  only  the  parameters  of  the  growth  curves,  but  their  very 
character  will  change.  Here  each  defined  type  of  growth  curve  is 
connected  with  one  or  another  specific  determining  stage  of  develop¬ 
ment  of  the  given  specific  scientific  discipline. 

Also  well-known  are  the  proposals  of  the  documentalists  [0.  0. 
Vorob'yev,  13]  to  conduct  analysis  of  trends  in  the  development  of 
certain  areas  of  scientific  research  on  the  basis  of  observations 
of  information  shifts  in  the  flows  of  documentation  which  they 
generate.  In  this  case  it  is  proposed  to  use  as  an  information 
signal,  indicating  an  increase  (or  reduction)  in  the  urgency  of  some 
particular  area,  the  growth  or  reduction  (over  the  last  3-5-10  years) 
of  actual  retrieval  significance  of  the  totality  of  coded  document 
tags  (It  is  determined  by  the  intensity  of  interrogation  and  retrieval 
according  to  the  given  tags)  as  compared  with  the  theoretical  informa¬ 
tion  load  on  the  entire  tag  system.  The  latter  represents  the  ratio 
of  the  number  of  objects  with  given  tags  to  the  total  number  of  tags 
in  a  system  for  coding  documents. 
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All  such  observations  have  a  nature  which  is  indirect  in 
principle.  When  carrying  them  out  it  is  especially  important  to 
combine  the  use  of  quantitative  methods  with  deep  penetration  into 
the  content  and  logic  of  development  of  the  given  scientific 
discipline. 

Interesting  ideas  have  croped  up  in  the  area  of  information 
methods  of  analyzing  the  development  of  science  in  connection  with  the 
possibility  (arising  in  recent  years)  of  automated  compilation  of 
indices  of  bibliographic  relationships  (IBR)  between  different 
scientific  publications  (the  "Citatindex"  method)  [127]. 

The  annually  published  cross-indexed  bibliographic  listings” of 
information  on  the  most  important  divisions  of  science  are  compiled 
in  a  similar  manner.  Such  is  the  basic  function  of  an  index.  However, 
as  frequently  occurs  in  science,  other  possibilities,  specifically 
important  for  the  study  of  science,  were  quickly  revealed.  The  IBR 
turned  out  to  be  a  powerful  and  promising  tool  for  analysis  of  trends 
in  the  development  of  science,  diagnosis  of  the  state  of  interdisci¬ 
plinary  communications,  and  forecasting  of  a  number  of  phenomena  in 
the  vital  activity  of  the  scientific  organism.  The  primary  prere¬ 
quisite  of  these  IBR  properties,  valuable  for  the  study  of  science, 
lies  in  the  fact  that  the  network  of  actual  mutual  effects  constructed 
according  to  IBR  data  is  an  informational  mapping  -  a  model  of  the 
historical  and  logical  network  of  connections  of  the  actual  process 
of  development  of  science. 

Using  mathematical  methods  which  are  well  known  at  the  present, 
it  1b  possible  to  analyze  information  networks  of  any  complexity, 
obtaining  objective  data  on  the  actual  mutual  effects,  trends  in 
the  distributions  of  efforts  of  researchers,  the  intensity  and 
direction  of  "migrations"  of  scientific  information  from  one  field  of 
research  to  many  others,  etc. 

In  the  conditions  of  a  broad  front  of  scientific  research  work, 
colossal  volumes  of  information,  and  ever-growing  value  of  Interaction 
of  sciences  which  are  so  typical  of  our  times,  even  the  well-informed 
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and  competent  researcher  finds  It  difficult  to  trace  operationally 
the  changes  in  tactics  of  resolving  scientific  problems  which  are 
occurring  in  different  countries.  Changes  in  the  structure  of 
information  flows  provide  a  sensitive  indicator.  On  the  basis  of  an 
analysis  of  these  changes  it  is  possible  to  forecast  the  following: 
requirements  which  arise  for  the  appearance  of  new  specialized  (or 
complex)  scientific  establishments,  the  need  for  existing  and  new 
periodicals ,  and  the  maturing  isolation  of  new  and  relatively 
independent  scientific  directions.  The  structure.  Intensity,  and 
directivity  of  the  network  of  actual  mutual  effects  also  makes  it 
possible  to  forecast  expected  (maturing)  major  scientific  shifts  in 
individual  fields,  while  they  sometimes  provide  material  to  explain 
the  causes  of  poor  results  of  one  or  another  area  [125,  128]. 

The  experience  of  a  number  of  Soviet  investigators  (V.  V.  Nallmov, 
R.  F.  Vasil'yev,  Z.  M.  Mul'chenko,  A.  A.  Korennoy,  etc.)  attests  to  the 
fact  that  the  construction  of  information  models  based  on  IBR  holds 
promise  for  purposes  of  analysis  by  methods  of  the  study  of  science 
of  trends  primarily  in  tKe  development  of "the  fundamental  natural 
sciences  [129]. 

An  especially  important  role  in  the  complex  of  forecasting 
methods  is  assigned  to  the  construction  and  analysis  of  different 
types  of  mathematical  models  of  scientific  and  technological  develop¬ 
ment.  In  the  simplest  case  of  statistical-probability  simulation  the 
forecaster  approximates  the  future  course  of  the  examined  process 
by  means  of  one  of  the  known  statistical  distributions.  For  example 
[130,  131],  the  life  cycle  of  mass-produced  technical  equipment  is. 

In  a  number  of  cases,  well  approximated  by  the  normal  (Gaussian) 
distribution  (Figs.  37  and  38) •  Many  phenomena  and  processes  from 
the  field  of  organization  of  science.  Its  personnel,  financial  and 
informational  security,  are  reliably  characterized  by  the  Lotka, 
Bradford,  and  Zipf  distributions  [132]. 

In  the  study  of  science  considerable  attention  is  paid  to  the 
analysis  of  the  so-called  growth  curves,  which  in  the  ideal  case 
follow  the  law  of  the  exponent: 
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s.  -  Snekt, 

u  v 

where  S  are  values  of  the  growth  indices  of  certain  parameters  of 
science;  k  is  the  exponentially  factor;  t  is  time;  and  e  is  the  base 
of  natural  logarithms. 

Ip  a  case  which  differs  in  its  characteristics,  similar 
criteria  of  growth  (number  of  scientists,  magnitude  of  mastered 
scientific  equipment ,  quantity  of  completed  works,  volume  of  useable 
scientific  information,  etc.)  are  described  by  the  legist  equation 


St  “ 


1  +  SQe 


where  b  is  the  maximum  possible  value  for  the  given  case.  When 
b  »  S  this  curve  is  close  to  the  exponent.  With  growth  in  the  value 
of  S  it  is  usually  possible  to  note  the  point  of  the  beginning  o 
transition  of  the  exponent  to  the  logist  (bend  point). 

A  deeper  analysis  of  the  theory  of  "growth  curves  of  science" 

[133]  and  objective  examination  of  the  present  broad  collection  of 
actually  formed  curves  of  growth  provides  a  basis  to  conclude  a 
the  following  can  serve  as  mathematical  models  of  such  curves: 
functions  assigned  by  the  equations  of  the  straight  line  exponent, 
system  of  exponents,  parabola,  hyperbola,  logist,  the  Integra 
Laplace-Gauss  functions,  etc.  The  whole  business  lies  in  the 
validity  of  the  accepted  system  of  initial  postulates  with  respect 
specific  process  of  development  studied  by  means  of  growth  curves. 

One  of  the  interesting  ?ff^s  to  give  a  generalized  mathematical 
model  for  a  group  of  related  growth  curves  was  undertaken  by 
G.  Schrauber,  a  forecaster  from  the  Ql»  [134].  His  idea  can  be 

outlined  as  follows . 

There  le  e  certain  parameter  t  ehlch  expresses  the  fruitfulness 
of  effort,  to  improve  a  slv.„  type  of  technical  equipment.  ’’’l° 
parameter  (fruitfulness)  1.  a  function  of  effort  (the  means  K)  expended 

on  ltn  achievement: 

P  -  *[f(M)].  (1) 
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Fig.  37*  Curve  of  the  life 
cycle  of  production  of  one 
type  of  technology  (production 
of  motor  scooters  in  the 
Western  European  countries). 


Fig.  38.  Life  cycles  of  a 
number  of  types  of  technology 
for  smelting  steel.  1  — 

Total  production;  2  —  Bessemer 
steel;  3  —  Siemens-Martens 
steel;  4  —  electrosteel;  5  — 
crucible  steel;  6  —  steel 
produced  with  oxygen  introduced 
from  above. 
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The  fruitfulness  of  efforts  within  the  limits  of  a  single 
initial  system  of  scientific  and  technological  principles  to  be  used 
has  a  certain  limit  Pnp,  for  which  the  Inequality 


P  <  P 


np 


(2) 


is  valid. 


The  closer  the  value  of  P  to  P  ,  the  smaller  the  Increment 

np 


of  the  index  dP  to  the  increment  of  effort  (means)  dM: 

dP  -  (Pnp  -  P)dM. 


(3) 


Besides  this,  dP  naturally  depends  also  on  efforts  made  previously: 


dP  -  (Pnp  -  P)f(M)gdt, 


(4) 


where  f(M)  is  a  function  which  characterizes  the  effectiveness  of  the 
means  used.  A  result  of  it  and  of  the  current . increment  of  effort 
will  be  the  relative  rate  of  growth  and  the  value  of  the  index  P, 
described  as  g(t).  Then  equation  (4)  can  be  written  in  the  form 


dP  -  (Pnp  -  P)g(t)dt. 
Solution  of  this  differential  equation  is 


(5) 


P  -  (P 
np  '  np 


Ve 


-jg(t)dt 

0 


(6) 


The  exponent  at  e  is  the  base  of  natural  logarithms;  it  is  approxi¬ 
mately  equal  to 

n- 

'  (7) 


where  n  is  a  quantitative  parameter  characterizing  one  or  another 
law  of  growth;  t^  is  current  time;  tQ  is  the  time  of  beginning  of 
counting;  tc  is  a  constant  which  is  called  the  time  characteristic. 
It  is  characteristic  in  the  respect  that  it  reflects  the  degree  of 
closeness  of  the  developing  process  to  Por,.  The  relationship 


(-1) 


(P 


np 


np 

“  PfO  *  P r 


(8) 
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occurs  for  it. 


In  a  number  of  cases  scientifically  based  physical  values  of  P  are 

ftp 

known,  and  then  tQ  can  be  calculated  with  high  accuracy;  its  approximate 
value  from  equation  (8)  corresponds  to  the  following:  with  growing 
parameters  P  ~  0.63  Pnp,  and  with  diminishing  parameters  P  ~  0.37  Pnp. 


In  cases  when  PQ  <<  Pnp  (when  there  is  a  significant  reserve  of 
increase  of  the  index  from  the  initial  values  up  to  limiting  values  - 
the  most  typical  case),  equation  (6),  with  substitution  of  values  of 
(7),  can  be  written  in  the  following  form: 


p  ■  V1  - » 

Then  two  parametric  relationships  are  introduced: 

y  -  «£-;  x  - 

*np  ’'c 

When  they  are  considered  the  law  of  progressive  growth  of  the 
quantitative  index  is  described  by  the  equation 


(9) 


-  1  -  e^. 


(10) 


Figure  39  shows  a  family  of  characteristic  growth  curves  with 
various  values  of  the  Index  n.  When  this  type  of  generalized  model 
of  growth  curves  is  used  for  purposes  of  forecasting  we  proceed  in 
the  following  manner:  a)  give  an  evaluation  of  the  value  Pnp;  b) 
determine  the  value  of  tQ  from  analysis  of  actual  trends  of  growth 
and  by  means  of  formulas  (8)  and  (9);  c)  compute  the  value  of  the 
index  n  from  the  rise  in  the  real  curve  of  growth  at  t  ■  t  ;  d) 
assign  the  predicted  running  time  and  obtain  an  evaluation  of  the 
parameter  P  for  it. 

The  outlined  model  was  checked  experimentally  by  Ya.  Fenek*. 

He  collected  and  analyzed  data  on  the  parameters  of  the  majority  of 


•The  data  were  processed  on  the  "Minsk-22"  electronic  computer 
together  with  M.  A.  Mal'kov. 
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electronic  computers  issued  from  1949  to  1967  in  various  capitalist 
countries.  Then  the  expected  limiting  values  were  evaluated  to 
electronic  computers  based  on  transistors:  summation  time  -10  s 
average  operating  speed  -vlO8  op/s,  working  store  capacity  vlO  bit 
Then  Fenek,  using  a  number  of  procedural  approaches  proposed  by  our^ 
collective,  carried  out  statistical  processing  of  t  e  uppe 
values  of  these  parameters  and  obtained  leveled  values  of  tc 
both  curves  for  each  parameter. 


Fig.  39-  Family  of  growth  curves 
with  different  values  of  the  index 
of  the  power  function. 

After  this,  working  on  the  basis  of  the  Schrauber  model,  he 
carried  out  extrapolations  and  obtained  the  expected  values  for  each 
of  the  three  parameters  designated  above.  Figure  40  shows  data 
relating  to  the  growth  in  the  values  of  the  index  of  capacity  of 
working  storage  of  electronic  computers. 


Fig.  40.  Growth  curves 
of  upper  (b)  and  lower 
(c)  values  of  the  index 
of  capacity  of  working 
storage  of  electronic 
ftnmnuters ■ 


Fenek's  data  are  in  fairly  good  agreement  with  ajiumbir  of  other 
evaluations  made  by  different  methods,  and  they  confirm  the  prpmise 
of  work  on  improving  the  procedure  for  using  growth  curves  in 
scientific  and  technological  forecasting. 

There  exists  yet  another  group  of  models  which  are  used  in  the 
practice  of  forecasting  scientific  and  technological  development. 

This  group  consists  in  the  construction  of  functional  hierarchic 
networks  of  paths  for  achieving  hypothetical  goals  in  scientific  and 
technological  progress.  These  methods  permit  quantitative  evaluation 
of  the  complexity  of  solutions  of  planned  problems,  the  difficulty 
(in  time  and  means)  of  achieving  the  forecast  prospects,  and  also 
determining  the  probability  of  achieving  one  or  another  forecast 
accomplishments  of  scientific  and  technological  progress.  There  is 
no  need  to  prove  that  the  presence  of  information  of  this  type 
in  a  complex  forecast  of  scientific  and  technological  development 
makes  it  uniquely  valuable  for  the  practice  of  prospective  planning. 

An  impelling  motive  for  the  development  of  one  of  these  methods, 
known  under  the  name  Pattern*,  was  the  effort  to  find  the  procedure 
for  determining  the  optimum  paths  of  realizing  scientific  and 
technological  ideas.  The  immediate  purpose  of  the  development  of 
this  procedure  by  the  American  cooperation  "Honeywell"  ( 1963—1964 )  was 
to  accelerate  the  process  of  creating  new  military  scientific  and 
technological  systems  [136].  Then  the  listings  of  objects  of  applica¬ 
tion  was  essentially  expanded,  although  the  first  group  of  problems 
remained,  as  before,  predominant  [1371.  The  procedure  provided  that 
on  the  basis  of  analysis  of  a  variety  of  data  on  forming  trends  and 
corresponding  expert  evaluations,  a  broad  set  of  specific  considera¬ 
tions  could  be  obtained  concerning  future  possibilities  of  scientific 
and  technological  development.  By  analyzing  it  in  accordance  with  the 
requirements  and  resources  of  the  country  (or  the  firm),  taking  into 
account  political,  economic,  and  other  general  situations,  experts 
compile  a  descriptive  document  —  the  "scenario"  of  the  main  prospects 


•Acronym  for  the  English  phrase t  "Planning  assistance  through 
technical  evaluation  of  relevance  numbers." 


172 


ot  scientific  and  technological  development.  After  its  preliminary 
approval  by  the  competent  levels  the  construction  of  a  so-called 
tree  of  goals  is  carried  out.  Figure  4l  shows  an  example  —  several 
branches  of  such  a  tree  applied  to  the  goal  "prolongation  of  life." 


Fig.  41.  Fragment  of  a  "tree  of  goals" 
relating  to  the  problem  of  "prolong¬ 
ing  life." 


An  important  circumstance  is  the  fact  that  each  "twig"  of  the 
tree  (expected  event)  and  each  level  of  the  hierarchy  are  assigned 
corresponding  coefficients  of  relative  significant  of  events  and 
possible  terms  for  their  achievement  by  the  method  of  expert  evalua¬ 
tion.  Also  evaluated  are  the  prospects  for  interdisciplinary 
cooperation,  interdisciplinary  communication,  and  the  possibilities 
of  organizing  complex  works.  Here  the  experts  base  their  work  not 
only  on  their  own  common  sense,  experience,  and  intuition,  but  also  on 
specific  analysis  of  trends  in  research  and  development.  The  entire 
arsenal  of  available  approaches  from  extrapolation  to  information  and 
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statistical-probability  simulation  are  used  for  this  purpose. 

The  whole  body  of  this  information,  very  large  in  volume  and 
not  susceptible  to  survey  and  study  "by  hand,"  enters  an  electronic 
computer;  here  it  is  subjected  to  analysis,  periodic  corrections,  and 
supplementation.  It  provides  the  basis  for  development  of  generalized 
specific  quantitative  evaluations  of  the  forecast  —  for  example,  the 
probability  of  achieving  different  stages  of  an  accepted  prospect 
and  the  significance  of  this  event  for  the  general  and  particular 
goals . 

In  forecasting  techniques  the  same  problems  are  served  by  the 
ideas  and  approaches  of  the  presently  well-developed  methods  of 
"critical  paths"  (NPC,  i.e.,  net  planning  and  control,  in  the 
terminology  used  in  our  country).  For  instance,  the  following  method 
is  known  for  determining  the  relative  probability  of  the  onset  of  an 
event  in  processes  of  scientific  and  technological  development  [132]. 
For  each  of  the  united  groups  of  possible  events  we  calculate  the 
number  of  paths  fixed  in  the  NPC  system  which  will  lead  to  the  desired 
result.  This  number  provides  the  starting  point  for  subsequent 
determination  of  probability.  The  result  which  can  be  achieved  by, 
for  example,  15  different  paths  is  evaluated  as  approximately  twice 
a3  probable  as  the  result  which  only  7-8  paths  can  lead  to. 

The  methods  of  constructing  and  analyzing  functional  heirarchlc 
models  of  paths  of  scientific  and  technological  work  are  presently 
undergoing  very  vigorous  improvement  [139 >  1*10].  With  respect  to 
recent  literary  data  they  number  more:than  30  [141] .  Special  attention 
of  forecasters  is  drawn  to  those  of  such  methods  which  permit 
evaluation  of  the  relative  significance  of  fundamental  research  for 
applied  developments,  and  the  significance  of  the  matter  for  the 
complex  of  varied  goals  and  subgoais  of  technical  development. 

The  QUEST*  procedure  can  serve  as  an  illustration  of  this  type  of 
newly  formulated  approach  to  constructing  functional  hierarchic  models. 


•QUEST  -  acronym  for  the  English  phrase  "quantitative  utility 
evaluation  of  science  and  technology"  [1*10]. 


It  is  based  on  tf  Idea  of  eaeces.ive  con.tru-tlon  of  se»e  ^ 

mutually  connected  "goal  -  means"  matrices.  For  examp  .  „ 

ability  of  the  coasts  -  technological  system,  required  for  this 
"technical  system.  -  direction  of  applied  development  appll 
development  -  direction  of  fundamental  research.  Each 
matrices  obtains  an  appropriate  evaluation  of  ^  ^ 

probability  of  success  In  using  the  means  to  achieve  the  end.  Then 
a  special  procedure  Is  applied  to  realise  quantitative  •"*!»»  • 
connection.  In  the  direction,  of  research  and  development  which 

lead  to  the  final  goal. 

While  regarding  critically  the  militaristic  direction  of  the 
application  of  the  WEST  procedure,  we  must  not  lose  s  g 
rational  scientific  content,  which  makes  It  possible  to  use  an 
approach  of  this  type  for  purposes  of  long-term  planning  of  national 
economic  problems  of  aclentlflc  research  and  experimental  and  design 

work. 

in  recent  year,  the  attention  of  students  of  science  has  been 
drawn  to  tn.  possibility  of  using  methods  of  operation,  research 
for  analysis  of  experience  In  the  development  of  science  »42,  1 
With  respect  to  problems  of  program  and  organizational  forecasts 
an  approach  of  this  type  begins  to  formulate  efforts  to 
economic  and  mathematical  model,  of  the  selection  of  var  nt  o 
development  and  advisable  distribution  of  resources,  which  Is  very 
urgent  fro.  the  point  of  vie.  of  subsequent  use  of  forecast 

»,  a  whole  the  development  of  methods  of  simulation  to  be  used 
by  forecasts  of  science  and  technology  Is  proceeding  In  the  following 
direction:  to  an  ever  greater  degree  they  synthesize  within  themselves 
rational  elements  fro.  all  other  methods  and  approach...  This  Is 
very  promising  route,  since  Its  opens  the  possibility  of  ores  ng 
unified  complek  methods  for  successive  development  of  exploratory, 
program,  and  organizational  forecasts. 

where^we  will  dlscuss^the^proble^of^selec  ting6  predictable0  direct  ions 

of  scientific  and  technological  development. 
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CHAPTER  V 


URGENT  APPLIED  PROBLEMS  OF  SCIENTIFIC  FORECASTING 
1.  The  problem  of  selection 

One  of  the  specifically  important  and  difficult  methodological 
problems  of  scientific  and  technological  forecasting  is  the  problem 
of  selecting  directions  of  scientific  and  technological  progress. 

The  problems  which  it  advances  are  resolved  both  during  the  process 
of  forecasting  work  and  on  the  completing  stage  of  direct  forecasting 
of  science  and  technology.  The  number  of  variants  and  possibilities 
of  development  which  are  examined  in  the  process  of  developing 
forecasts  is  very  great.  Researchers  must  pick  out  for  Inclusion  in 
a  summary  forecast  documentation  of  no  more  than  3-7  promising 
variants.  The  authorities  who  make  decisions  about  the  realization 
of  forecast  prospects  and  who  formulate  a  prospective  plan  with 
consideration  of  them  will,  in  their  turn,  usually  decide  on  a  part 
of  these  variants.  Contemporary  experience  of  forecasting  permits 
generalized  formulation  of  several  basic  groups  cf  criteria  by  which 
forecasters  are  guided  in  halting  their  selection  on  one  or  another 
direction  of  scientific  and  technological  development. 

Criteria  of  foreoaet  reliability .  These  criteria  are  used  to 
evaluate  the  quality  of  developed  hypotheses  in  order  to  screen  out 
doubtful  or  poorly  founded  assumptions.  Here  the  forecaster  is  guided 
to  a  large  degree  by  common  sense  and  his  own  intuition.  Formalized 
methods  exist  for  the  probability  evaluation  of  the  degree  of 
"risk"  in  making  decisions  on  the  selection  of  possible  innovations 
[141),  145].  Experience  shows  that  in  any  case  it  Is  necessary  to 
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check  the  forecast  from  the  point  of  view  of  the  presence  of  typical 
forecaster  errors  -  excessive  self-confidence,  insufficient  considera. 
tion  of  closely  related  branches,  preconceptions  (concentration  of 
attention  on  a  single  alternative  only),  invalidity  of  the  limits  of 
extrapolation,  inaccuracies  in  calculations,  etc. 


The  subjective  nature  of  expert  evaluations  is  also  taken  into 
account;  in  particular  this  relates  to  the  determination  of  the  time 
for  accomplishing  expected  events.  Usually  a  range  of  12-15  years  is 
optimum  in  this  respect.  It  is  possible  to  recommend  a  simple  formula 
for  selecting  a  realistic  time  Tpea/1  from  among  the  most  cautious, 

T  and  the  highest  possible,  T  ,  evaluations  of  the  period  of  onset 
of  forecast  events: 

„  4Toc.t  +  2Ts 

Tpean  "  ' 

Such  an  approach  to  evaluations  of  time  has  proved  itself  in  the 
practice  of  net  planning*.  We  carried  out  selective  checking  of  this 
formula  on  scientific  and  technological  data  appearing  in  the  thorough 
forecast  "Resources  of  the  USA  in  the  Future"  [146].  As  is  known,  the 
average  evaluation  in  these  forecasts  was  made  by  extrapolation 
calculations  independently  of  the  presence  of  lower  and  high  evalua¬ 
tions.  However,  conversion  of  these  data  according  to  the  formula 
shown  above  gave,  in  25*  of  the  cases,  a  deviation  of  less  than  5%, 
while  in  70S  of  the  cases  of  evaluation  to  1980  and  2000  A.D.  there 
was  a  departure  from  the  calculated  quantities  of  no  more  than  15*. 

Here,  naturally,  the  more  massive  .the  phenomenon  being  evaluated  by 
the  proposed  formula,  the  closer  was  the  coincidence  with  the  calculated 
evaluations  of  the  American  forecasters.  As  an  example  we  shall 
introduce  one  of  the  summary  tables  [1^6,  Vol.  II,  p.  **3]  of  the  cited 


•The  concepts  "optimistic"  and  "pessimistic"  used  in  such  cases 
in  PCN  theory  aVe  not  always  adequate  here,  since  crisis  situations 
may  also  be  forecast.  In  this  case,  however,  our  persuasion  that  the 
forecaster  is  a  well-informed  optimist  remains  in  force. 
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forecast  (Table  15),  which  outlines  the  extrapolated  values  of  the 
gross  national  product  (In  billions  of  I960  dollars). 

As  Is  evident  from  the  given  data,  the  value  of  the  medium 
evaluation  of  the  forecast  as  calculated  by  the  proposed  formula 
differs  from  the  forecast  evaluations  obtained  on  the  basis  of  special 
extrapolation  by  less  than  one  percent • 

Technical  and  eaonomio  criteria  of  selection.  Very  frequently, 
in  particular  during  the  forecasting  of  accomplishments  In  technology 
and  applied  sciences,  it  Is  possible  to  find  economic  arguments 
worthy  of  merit  for  the  selection  of  one  or  another  direction  of 
development.  Naturally,  in  the  case  of  evaluating  the  expected 
economic  effect  from  hypothetical  innovations  12-15  years  In  the 
future  the  usual  procedure  for  calculating  economic  effectiveness  of 
of  new  technology  must  undergo  essential  changes. 

During  comparative  economic  evaluation  of  the  forecast  variants 
of  technological  systems  it  is  mandatory  to  take  into  account  the 
structure  of  the  rate  of  capital  investment  and  the  expected  returns 
from  the  innovations  (Fig.  42). 

It  has  been  noted  that  as  a  program  develops  the  cost  of  >rrying 
on  research  and  development  grows  in  the  general  case  exponentially 
from  stage  to  stage;  however,  characteristic  segments  of  this  curve 
are  subject  to  approximation  by  linear  relationships  with  sufficient 
accuracy  [147].  On  the  considered  diagram  this  is  reflected  more 
specifically:  AB  -  stage  of  applied  research;  BC  -  development  and 
experimental  checking  of  the  system;  CE  -  production  of  lead 
specimen;  ED  -  introduction  into  operation;  BFGH  -  production  and  Bale 
of  the  new  technological  system. 

The  equivalent  period  of  capital  investment  within  which  all 
expenditures  are,  as  it  were,  introduced  at  one  time  and  also 
immediately  reimbursed,  equals  OF  (F  is  the  point  of  "equilibrium, 

FH  -  period  of  reinbursement  of  interest). 
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Fig.  **2.  Generalized  diagram  of  the 
dynamics  of  capital  investment  and 
economic  return  from  technological 
innovation . 

The  following  approach  is  frequently  used  for  comparative 
evaluation  of  several  variants: 

a)  a  classifier  of  technical  and  economic  criteria  is  developed 
(size  of  capital  investment,  expected  effect,  achievable  technical 
level,  time,  required  production  conditions  for  realization,  etc.); 

b)  for  each  group  of  criteria  an  evaluation  is  fixed  (in  points) 
in  a  special  evaluation  table  for  the  possible  state  of  the  forecast 
variant.  For  example  [1^8,  149 ] >  with  respect  to  the  criterion 
"Expected  influence  of  the  innovation  on  the  technical  level  of 
production"  the  following  possible  states  are  fixed  and  an  evaluation 
is  assigned  to  them  in  points:  simple  expansion  of  assortment  1, 
issue  of  products  of  increased  quality  or  a  change  in  existing 
technology  2,  elimination  of  scarcity  of  products  of  this  type  3; 

c)  each  of  the  variants  proposed  for  examination  is  evaluated  by 
a  group  of  competent  experts  in  accordance  with  the  classification 
tables ; 

d)  the  total  points  received  by  each  variant  are  compared  and 
a  decision  is  made  about  one  or  two  variants  to  be  included  in  the 
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plan  of  operations '.in  accordance  with  specific  financial  and 
industrial  conditions. 

In  forecasting  practice  simplified  evaluation  formulas  are  also 
applied  for  these  purposes;  they  permit  consideration  of  a  small  number 
of  essential  factors.  An  example  is  the  Pacifiko  formula  [150]: 


where  E  is  the  expected  effect;  Rt  is  the  probability  of  achieving 
technological  success  (as  a  fraction  of  1);  Rc  is  the  probability  of 
achieving  commercial  success  (as  a  fraction  of  1),  0  is  the  expected 
general  approach;  N  is  the  total  cost  of  the  proposed  project. 

The  variant  is  considered  worthy  of  attention  in  the  case  when 
the  value  E  ^  2. 

Foreign  experience  justifies  the  use  of  a  formula  of  this  type 
for  evaluations  of  assumptions  which  in  principle  carry  no  very  high 
risk  and  which  are  calculated  for  realization  in  the  relatively  near 
future  (^5  years). 


The  Disman  formula 

n  I± 

M  “  VcJ^l  +  r)i 

i3  intended  for  evaluation  of  maximum  Justified  expenditures  with 
consideration  of  any  number  of  years  required  for  realization  of  the 
variant  [151];  here  M  represents  the  maximum  justifiable  expenditures; 
i  is  the  number  of  years  required  for  realization  of  the  forecast 
(1  -  1,  2,  ....  n);  is  the  size  of  income  accumulated  at  the  end 
of  the  year  for  each  year;  r  is  the  standard  of  profit. 


These  and  similar  formulas  are  not  perfect  even  in  the  conditions 
of  capitalist  economics,  for  which  they  were  created*.  Under  the 

ftp  Zavler  T?]  writes  [152,  p.  1833  with  respect  to  quantitative 
methods 'of  selecting  projects:  "The  management 

mulas  used  for  calculation  completely  secret...  their  main  distinction 
is  the  weighted  values  assigned  to  individual  factors. 
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conditions  of  the  economics  of  Socialist  countries  it  remains  for  us 
to  develop  a  system  of  generalized  economic  criteria  for  evaluation 
of  alternatives  of  scientific  and  technological  development  susceptible 
to  forecasting  over  the  long  view  [169,  170]. 

This  same  requirement  relates  also  to  the  existing  foreign 
experience  in  constructing  economic  and  mathematical  models  for 
evaluating  processes  of  scientific  and  technological  development  and 
to  experience  in  application  of  methods  of  operations  research  to  the 
evaluation  of  hypothetical  variants  of  forecasts.  It  seems  to  us  that 
the  problem  of  first  priority  in  our  case  on  this  path  is  the 
accumulation  of  experience  in  constructing  evaluating  functions  for 
typical  situations  and  phenomena  of  the  progress  of  Soviet  science 
and  technology. 

For  the  comparative  analysis  of  variants  in  scientific  and 
technological  development  which  are  to  be  forecast,  we  consider  the 
use  of  the  approach  formulated  by  Academician  V.  A.  Trapeznikov 
during  analysis  of  the  effectiveness  of  automation  [153]  to  be  very 
promising.  In  accordance  with  this  idea,  which  possesses  significant 
generality  for  different  fields  of  scientific  and  technological 
progress,  an  index  designated  by  the  author  as  the  coefficient  of 
progressive  capital  investment  (HflB)  is  used  as  the  economic  criterion 
for  selection  of  variants. 


By  analyzing  the  characteristics  of  the  increment  of  productivity 
of  labor  (for  the  natural  gauge  -  pure  production)  as  a  function  of  the 
growth  of  capital  investment,  we  can  obtain  the  evaluation 

An 

HH8  -  jjl. 


where  Anr  is  the  increment  dependent  upon  technological  progress; 

AH  is  the  increment  depending  on  the  growth  in  the  supply  of  capital. 
Experience  in  evaluating  the  technical  level  of  various  variants  of 
"establishments  of  the  future,"  accumulated  under  the  leadership  of 
V.  A.  Trapeznikov,  confirmed  the  possibility  of  successful  use  of  the 
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economic  criterion  characterized  above  in  scientific  and  technological 
forecasting*. 

System  ariteria.  These  criteria  for  evaluation  of  possible 
development  are  based  on  consideration  of  the  interests  of  the 
hierarchically  highest  levels  of  the  system  for  a  given  case.  It  is 
proposed  that  the  promise  of  a  new  direction  of  fundamental  and 
theoretical  research  be  evaluated  in  terms  of  the  degree  of  influence 
which  it  may  render  on  other  sciences  [155].  The  more  significant 
the  changes  which  may  be  expected  in  closely  related  fields,  the  higher 
the  evaluation  of  prospects  for  exploration  in  the  new  direction  of  a 
given  science.  The  degree  of  promise  of  applied  directions  of 
scientific  research  is  evaluated  in  terms  of  their  place  and  role  in 
a  broader  system:  "science  —  technology  —  production."  We  represent 
one  of  the  criteria  of  evaluation  of  a  situation  of  this  type  as  the 
ratio  of  the  rate  of  development  by  which  technology  outstrips  produc¬ 
tion  to  the  rate  by  which  science  outstrips  technology  [156]. 

This  ratio  can  be  written  in  the  following  form: 

dS  .  dT  ,  dP 
dt  dt  dt* 

where  each  term  designates,  respectively,  the  speed  of  development  of 
mutually  connected  branches  of  science,  technology,  and  production. 

In  essence  it  was  precisely  thiB  peculiarity  of  scientific  and 
technological  policy  which  Academician  M.  V.  Keldysh  had  in  mind  when 
he  spoke  of  the  need  to  "guarantee  to  Soviet  technology  a  higher  rate 
of  development  than  that  of  heavy  industry,  and  to  develop  the  natural 
sciences  at  rates,  in  their  turn,  which  outstrip  the  development  of 
technology  and  the  technical  sciences. "[157]. 


•Interesting  thoughts  on  the  evaluation  of  the  level  of  utilized 
knowledge  and  the  effectiveness  of  the  yield  of  live  labor  embodied  in 
technical  equipment  are  expressed  in  the  development  of  these  ideas 
by  I.  G.  Kurakov  [151*]. 
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This  important  principle  and  its  somewhat  unusual  mathematical 
interpretation  as  inequality  of  derivatives  rests  on  a  sound  foundation. 
"Science,"  D.  Bernal  noted  in  his  time,  "should  be  regarded  as  the 
second  derivative  of  the  total  product.  Actual  production  can  serve 
as  the  Initial  measure  in  judgements  on  financing  of  science. 

Broadening  or  improvement  of  production  by  ordinary  technological 
methods  is  the  first  derivative.  It  is  represented  by  the  rate  of 
change  of  existing  production  processes.  The  second  derivative  -  the 
rate  of  change  of  the  first  -  is  in'  fact  that  which  is  produced  by 
science"  [158J. 


In  the  development  of  the  outlined  approach,  an  Interesting  idea 
was  expressed  by  the  Soviet  student  of  science  B.  Q.  Kuznetsov  [159]. 
On  the  basis  of  the  principle  that  the  optimum  structure  of  production 
should  be  characterized  by  increasing  productivity  of  social  labor  P, 
the  first  derivative  of  P  should  be,  in  the  case  of  progress, 
positive: 


dP 

IE 


> 


0. 


A  planned  economy  must  ensure  steady  growth  of  this  rate  ^^-5-  >  0. 

dt^ 

This  second  derivative  is  ensured  by  the  totality  of  the  effect  of 
technical  progress  and  applied  research.  The  fundamental  sciences 
are  called  upon  to  guarantee  a  trend  toward  steady  acceleration  of 
this  progress  (the  third  derivative): 


d3P 
•  — T 
dtJ 


0. 


The  general  trend  of  scientific  and  technological  progress  is 

such  that  the  development  of  production  and  technology  are  evermore 

directly  dependent  on  the  higher  derivatives.  This  life  requirement 

(the  condition  of  progress),  having  the  character  of  a  natural  law, 

Is  satisfied  by  the  intellectual  potential  of  science  growing  out  of 

the  resolution  of  fundamental  problems  of  science.  "The  optimum 

structure  of  the  national  economy,"  writes  B.  G.  Kuznetsov,  "is  a 

structure  which  gives  not  the  maximum  value  of  P,  but  the  maximum  value 

•  ••  ••• 

of  the  derivatives  P*P*P*P". 
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We  will  pass  over  the  possible  zero  value  of  this  function  if  on 
some  particular  step  the  rate  of  change  of  P  iB  stabilized  and  the 
following  derivative  of  it  becomes  zero*.  Here  the  important  thing 
to  us  Is  the  idea  itself  —  the  effort  to  include  science  into  the 
structure  of  a  broader  system  of  a  higher  level. 

Clearly,  everything  which  has  been  said  serves  as  a  sufficient 
argument  for  considering  the  problem  of  studying  the  rate  of  motion 
of  scientific  developments  from  "purely"  scientific  ideas  to  their 
practical  embodiment  as  one  of  the  most  important  considerations  for 
research  on  scientific  and  technological  forecasting.  In  any  case, 
we  assume  that  students  of  science  working  in  nations  with  a  planned 
economy  and  a  unified  state  scientific  and  technological  policy  will 
make  this  problem  the  object  of  the  most  active  development. 

Prom  the  principle  pointed  out  above  there  follows  also  a  system 
criterion  for  forecasting  in  the  field  of  direct  development  of  new 
technology.  The  criterion  for  selecting  variants  can  be  based  here 
on  evaluation  of  possible  prospective  changes  in  the  system  of  lags, 
i.e.,  in  the  rate  of  materialization  of  technical  ideas  which  are 
comparable  in  significance.  Figure  It 3  shows  a  typical  system  of  lags 
with  regard  to  two  prospective  forms  of  technology  in  a  comparison 
of  Great  Brltaln/USA  [160].  In  accordance  with  this  criterion 
preference  should  be  given  to  that  predicted  variant  which,  other 
conditions  being  equal,  opens  the  greatest  promise  of  economy  in  the 
socially  required  time  for  its  realization. 

Crifria  of  polioy.  This  is  a  broad  class  of  criteria  which  are 
conditioned  by  the  social  structure  of  society,  its  internal  and 
external  policies,  ideology,  and  other  factors  which  express  the 
relationship  of  the  given  state  and  society  to  science  and  also 
express  the  national  goals  imposed  on  science. 


•This  difficulty  can  be  avoided  by  perfecting  the  structure  of 

the  most  complete  function:  P'P'P^P.  This  is  made  necessary  also  by 
the  fact  that  in  the  proposed  general  form  it  is  not  intended  for 
direct  calculations. 


185 


technological  progress.  I  —  Bringing 
scientific  development  to  the  stage  of 
design  assignment;  II  —  designing  and 
creation  of  an  experimental  industrial 
prototype;  III  —  development  of  techni¬ 
cal  documentation  and  preparation  for 
lot  production;  IV  —  production  tests 
and  evaluation  of  the  technical  and 
economic  indices  of  the  completed  develop¬ 
ment  . 


One  specific  form  of  criteria  of  this  class  is  known  in  the  form 
of  priority  criteria.  Not  only  the  rather  important  factors  of 
national  prestige,  but  also  deeper  economic  and  defense  circumstances 
make  criteria  of  this  type  very  real.  The  problem,  however,  lies  in 
the  fact  that  at  present  not  every  country,  taken  separately,  is  able 
to  maintain  world  priority  over  the  entire  complex  of  scientific  and 
technological  prospects  as  indicated  by  forecasts.  Here  the  "small" 
and  "large"  countries  are  distinguished  from  one  another  only  by  the 
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variety  and  the  set  of  directions  which  is  available  to  them,  and  not 
by  the  existence  of  the  actual  problem  of  selection  a3  such  [161]. 

Prom  this  there  follows  the  need  to  include  in  the  composition 
of  strategic  scientific  doctrine  of  each  country  ideas  about  those 
directions  in  which  the  given  country  does  not  consciously  set  itself 
the  task  of  leading  the  world,  but  is  oriented  to  preferential 
application  of  international  scientific  and  technological  experience. 
In  this  case  the  problem  of  mastering  the  newest  achievements  of 
world  science  is  not  eliminated,  since  the  achievement  of  success  in 
using  the  results  of  science  inevitably  assumes  the  existence  of  a 
sufficiently  high  level  of  scientific  potential  within  the  country. 

Even  more  definite  is  the  need  to  know  the  fields  in  which  the 
achievement  of  world  supremacy  is  recognized  as  a  national  goal.  In 
these  cases  the  criteria  for  selection  of  forecast  scientific 
directions  will  take  into  account  the  popular  wisdom:  "When  you  are 
following  a  trail  you  cannot  be  first.  If  you  are  In  the  lead,  you 
cannot  be  overtaken."  Here  the  preference,  obviously,  will  be  given 
to  paths  which  are  new  in  principle.  In  this  case  it  is  necessary 
to  proceed  consciously  to  an  essentially  higher  level  of  risk  -  to  a 
reduced  probability  of  individual  predicted  variants  and  essentially 
greater  funding  of  realizable  programs  of  research  and  development. 


To  the  above  we  must  add  that  international  cooperation  of 
scientists  of  the  Socialist  countries  on  both  a  bilateral  and  a 
multilateral  basis  within  the  frameworks  of  the  nations  of  the 
Council  for  Mutual  Economic  Aid  [CMEA]  permits  significant  expansion 
of  the  scale  of  development  in  all  of  our  countries  with  regard  to 
especially  promising  directions  of  scientific  and  technological 
progress. 

The  examined  criteria  for  selectrion  of  forecast  variants  (their 
composition  is  subject  to  refinement)  [148,  159]  have  a  nature  which 
differs  significantly  from  group  to  group.  In  the  process  of  practical 
utilization  of  such  a  broad  range  of  criteria,  both  now,  and  probably, 
in  the  future  a  significant  role  will  be  played  by  intuition,  logic, 
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and  common  sense  of  leaders  who  make  the  decisions  on  selecting  the 
forecast  variants.  In  many  essential  aspects,  these  procedures  are 
not  subject  (at  least  at  present)  to  algorithmization. 

For  example,  It  is  possible  with  complete  Justification  to 
include  in  the  group  of  system  criteria  the  moral  and  ethical  criteria 
assigned  by  the  Socialist  system  of  society;  these  criteria  result  in 
the  rejection  of  a  number  of  predicted  possibilities  of  science  in 
certain  countries  (creation  of  artificial  stimulators  of  a  sense  of 
well-being,  narcotics,  heart  transplants,  etc.)  [162],  while  in  other 
countries  this  approach  is  encouraged  (work  on  creating  bacteriological 
weapons  in  the  USA) .  . 

The  search  for  quantitatively  defined  and,  where  possible,  more 
objective  criteria  for  selecting  forecast  variants  and  also  the 
development  of  procedures  for  their  application  which  can  be 
algorithmized  represent  one  of  the  most  urgent  applied  problems  of 
contemporary  scientific  and  technological  forecasting. 

Efforts  to  develop  procedures  of  this  type  are  found,  in 
particular,  in  the  works  of  Soviet  forecasters  [163,  16*0.  Th®  flrst 
of  these  gives  a  refinement  of  the  idea,  which  we  advanced,  of 
creating  a  "Library  of  Technical  and  Economic  Characteristics  of 
Future  Mining  Equipment,"  from  which  hypothetical  levels  of  complex 
mechanization  and  automation  are  formulated  during  calculation  of 
prospective  variants  of  new  coal  mines;  in  connection  with  this 
optimum  parameters,  with  respect  to  the  prospective  time  interval, 
of  specific  elements  of  projected  undertakings  are  calculated. 

In  the  general  case  the  number  of  alternative  variants  of 
mechanization  of  stripping  operations  can  Include  those  types  of 
mechanization  which  are  already  applied  in  these  conditions  and, 
consequently,  which  can  be  characterized  in  more  detail  on  the  basis 
of  statistical  data  and  appropriate  calculation.  In  this  case  the 
parameters  which  characterize  the  load  on  the  i-th  longwall  with  the 
k-th  form  of  mechanization  corresponding  to  the  t-th  year  -  Pik  - 
could  not  properly  be  extended  to  the  (t  +  l)-th  year  in  connection 


188 


with  those  quantitative  changes  which,  other  conditions  being  equal, 
occurred  under  the  influence  of  technological  progress;  in  the  given 
case  this  is  expressed  in  the  mastery  of  technology,  in  the  improvement 
for  removal  of  coal,  modernization  and  improvement  of  individual 
machine  units,  etc.  Therefore  the  statistical  parameters  which 
characterize  the  limits  of  values  of  load  on  stripping  faces  in  the 
(t  +  l)-th  year  should  be  corrected  by  a  coefficient  which  takes  into 
account  the  increase  in  the  load  caused  by  technological  progress,  n. 

Then,  if  P^k  and  P^k  are  the  upper  and  lower  limits  of  the  values 
of  loads  on  the  i-th  stripping  face  with  the  k-th  form  of  mechanization, 
calculated  by  the  statistical  method  in  the  t-th  year,  the  same 
parameters  for  the  (t  +  l)-th  year  can  be  determined  according  to  the 

formulas 


p(t+l) 

rik 

.  pt  n[t,(t+l)]. 

Piknk 

(1) 

p(t+l) 

£ik 

„  pt  n[t,(t+l)] 
i-ik'  'k 

(2) 

Here,  obviously,  at  the  moment  of  planning  the  value  of 
coefficient  nk  as  a  function  of  the  type  of  mechanization  in  the  period 
for  its  mastery  will  be  different.  It  is  evident  that  in  the  first 
years  of  introduction  of  a  new  type  of  mechanization  it  will  be 
greater  than,  let  us  Bay,  on  the  8th-10th  years,  when  for  practical 
purposes  its  capabilities  will  already  have  been  exhausted  to  a 
significant  degree. 

However,  it  must  be  noted  that,  depending  upon  the  type  of 
mechanization,  the  structural  features,  and  conditions  of  its 
utilization,  the  process  of  mastering  it  and,  consequently,  the  value 
of  the  coefficient  nk  will  vary.  Therefore  during  specific  calcula¬ 
tion  of  the  development  of  mining  operations  it  is  advisable  to  use 
relationships  which  take  into  account  the  type  of  mechanization, 
the  period  for  its  mastery,  and  the  conditions  in  which  it  will  be 
applied. 

Obviously,  according  to  formulas  (1)  and  (2)  the  increase  in 
output  in  successive  years  will  comprise  the  following: 
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77i<;*>*  =  !-£Z  /7iiT-')*  ti  =  **  ( 3  > 

1  pijr*  ••••"** 

Here  the  fo’ lowing  inequalities  are  valid  for  the  obtained 
coefficients : 


n\i  >  /Tir >'<'*’»  > ...  >  /7jJr-«’ TI. 


(*) 


0 

The  difference  between  each  successive  coefficient  and  the 
preceding  one  comprises  the  quantity  which  characterizes  the 

degree  of  mastery  of  the  new  technology.  Its  absolute  value  diminishes 
with  a  growth  in  the  period  of  operation  of  the  machine. 


If  we  consider  the  period  of  existence  of  stripping  equipment  to 
be  5-7  years,  the  value  of  4nllc  for  each  successive  year  can  be 
determined  approximately  as  follows 


//{£  (*■«)] 

r+7^ 


(5) 


Then 

n\?”  -  nS°  -  Aflir"’"*”1 


nl  --  n\V"  -  A/7liT—>-  ir-,»  j 

where  t  is  the  time  during  which  Introduction  of  the  k-th  type  of 
stripping  equipment  was  carried  out. 


Thus,  by  successive  solution  of  equations  (5),  (6),  (1),  and  (2) 
it  is  possible  in  each  individual  case  to  forecast  the  technological 
progress  in  a  quantitative  expression. 


It  is  obvious  that  as  the  value  of  the  coefficient  fl^  diminishes 
the  technical  capabilities  of  the  given  type  of  equipment  are  exhausted 
and  its  previously  indisputable  effectiveness  becomes  problematical 
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as  compared  with  more  productive  and  improved  types  of  equipment  which 
may  be  appearing. 

The  algorithm  [165]  developed  for  solution  of  such  problems 
provides  (by  means  of  technical  and  economic  analysis)  for  solution 
of  the  problem  of  the  advisability  of  transition  from  one  qualitative 
state  (old  equipment)  to  another  type,  which  corresponds  to  making 
a  decision  on  selecting  the  forecast  variant  of  the  development  of 
technological  systems. 

In  the  work  by  B.  A.  Lapin  which  we  cited,  on  the  basis  of  a 
number  of  previously  outlined  ideas  on  expert  evaluations  and 
functional  hierarchic  models  the  following  procedure  for  organizing 
forecasting  work  and  selecting  future  directions,  research,  and 
developments  is  proposed. 

1.  A  general  "goal  -  means"  matrix  is  formulated,  in  which  the 
relative  significance  of  each  subgoal  p  1b  evaluated  (Table  16) 

by  a  special  group  of  experts  (in  fractions  of  1). 

2.  The  relative  significance  of  two  basic  groups  of  means  of 
achieving  the  indicated  goals  is  evaluated  by  the  experts  (Table  16). 

3.  In  the  new  matrix  (Table  17)  these  two  groups  are  now 
treated  as  goals.  The  basic  directions  of  research  and  development 
which  may  lead  to  achievement' of"  these  goals  are  formulated.  A  new 
special  group  of  experts  provides  for  these  directions  a  corresponding 
evaluation  of  relative  significance  for  10-15  years. 

4.  On  the  basis  of  analysis  of  the  obtained  summary  evaluations 
of  significance,  B.  A.  Lapin  proposes  to  solve  questions  concerning 
the  proportions  in  distributions  of  resources  and  other  problems  of 
selection. 
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Table  16 
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Elements  of  level  II  -  basic  efforts  of  branches 
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In  all 


In  our  view,  a  significant  weakness  of  the  outlined  approach  is 
the  following:  the  absence  of  consideration  of  many  specific  factors 
of  potential  scientific  and  technological  significance,  the  static 
(single-instant)  of  the  factor  of  the  time  during  which  the  significance 
of  the  analyzed  forecast  variants  will  change,  and  the  absence  of 
consideration  of  the  dynamics  of  development  of  a  direction  as  a 
function  of  the  fraction  of  means  invested  in  its  realization,  etc. 

As  the  fundamental  idea  which  illustrates  the  possibility  of 
calculating  factors  of  this  type  we  can  propose  the  following  approach, 
whose  goal  is  to  reduce  the  problem  of  selection  to  the  problem  of 
evaluation  of  variants  by  means  of  linear  programming.  This  idea 
flows  from  the  methods  of  forecasting  operations  which  we  discussed 
in  the  preceding  chapter  and  can  be  regarded  as  the  application  of 
economic  and  mathematical  methods  to  problems  of  a  program 
especially,  an  organizational  forecast.  We  will  outline ‘it  in  the  form 
of  several  successive  stages  of  the  concluding  organizational  forecast. 


I.  Statement  of  the  problem.  Let  there  be  N  variants  (1,  2,  ..., 
J  . . . ,  N) ,  validated  by  research  and  program  forecasts,  of  prospective 
directions  of  scientific  research  work  relating  to  a  single  field  of 
scientific  and  technical  progress.  Using  the  general  criteria  of 
selection  listed  above,  we  shall  carry  out  a  preliminary  analysis  and 
selection  of  variants  in  such  a  manner  that  the  variants  known  to  be 
unacceptable  or  to  exceed  the  framewerk  of  economic  capability  of 
the  requester*  will  be  discarded.  Consequently,  all  N  variants  of 
predicted  work  are,  in  principle,  desirable  for  the  requester  and 
the  following  relationship  is  valid  for  them: 

X's  i  V  m 

where  a.  is  the  cost  of  realization  of  the  J-th  variant  of  the  forecast 
J 


•Under  "requester"  we  will  understand  any  level  of  responsibility 

which  has  the  authority  to  put  forward  prospective  “^r^tiona 
research  work  and  to  distribute  resources  according  to  d^ections 
(Qoskomitet  on  science  and  technology,  Academy  of  Sciences  of  the  USSR, 
Ministries,  etc.). 
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ft  is  the  total  magnitude  of  resources  which  the  requester  can  assign 
to  realization  of  a  complex  forecast  program  of  interest  to  him. 

Each  of  the  forecast  variants  has  its  own  probable  time  of 
accomplishment;  besides  this,  the  requester  has  available  ideas  about 
time  t.  during  which  he  wishes  to  obtain  the  predicted  result  in 
accordance  with  requirements  for  innovation  of  existing  systems  and 
carrying  out  of  programs. 

II.  formulation  of  an  hypothesis  about  possible  levels  (rates) 
of  financing.  We  shall  introduce  an  initial  postulate  that  the  term 
for  accomplishing  a  realistic  forecast  variant  and  its  significance 
can  vary  as  a  function*  of  the  scales  of  efforts  applied  to  its 
realization. 

Below  we  will  examine  the  relative  magnitude  of  financing  as  a 
gauge  of  the  scale  of  efforts.  This  is  done  in  order  to  simplify  the 
exposition  of  the  principal  idea  of  the  approach.  In  reality  the 
specific  procedure  which  we  have  developed  also  takes  into  account 
the  number  of  newly  enlisted  specialists  and  the  magnitude  of  that 
portion  of  the  available  scientific  potential  which  can  be  switched 
over  to  realization  of  the  forecast  program  of  scientific  research 
work. 


The  first  three  methods  of  distributing  resources,  Mp,  for  each 

of  the  proposed  variants  of  forecasts  N  consist  of  this  combination: 

2a.,  a.,  0.5a..  With  consideration  of  relationship  (7)  we  obtain  the 
J  J  J 


•As  the  first  approximation  we  take  the  hypothesis  of  a  linear 
dependence  between  the  magnitude  of  applied  efforts  and  the  character¬ 
istics  of  the  achieved  results.  Other  and  more  exact  approximations 
of  this  relationship  are  known  [152,  166].  For  example:  E  « 

■  Rta*e”bt,  where  E  is  the  expected  success  (in  the  economic  equivalent) 
R  is  the  magnitude  of  resources;  a  is  a  parameter  which  characterizes 
the  shape  of  the  curve  of  the  fulfillment  cycle;  t  is  time;  e  is  the 
base  of  natural  logarithms;  b  is  a  constant  which  characterizes  the 
rates  of  scientific  and  technological  progress  in  the  given  field.  At 
first  we  wish  to  avoid  certain  methodological  difficulties  connected 
with  the  utilization  of  such  formulas. 
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corresponding  set  of  volumes  of  resources  for  all  of  the  considered 
variants.  In  such  a  case  the  number  of  variants  of  rates  of 
consumption  of  resources  will  be  i  =  1,  2,  3*»**  Generally  speaking, 
i  =  i t  2,  ...»  n.  Experience  shows  that  for  selection  of  the  optimum 
distribution  it  is  sufficient  to  examine  6-7  variants,  usually 
falling  within  the  limits  of  the  first  combination. 

Below  we  shall  move  on  to  obtaining  specific  data  required  to 
construct  the  evaluation  function. 

III.  Evaluation  of  the  degree  of  perfection  of  a  variant  of  the 
forecast  and  proposed  dynamics  of  its  realisation .  A  properly 
formulated  and  instructed  group  of  experts  produces  an  evaluation 
(in  points)  of  the  level  of  the  contemporary  state  (degree  of 
perfection)  of  each  developed  forecast  variant.  Here  they  use  special 
tables,  of  which  an  example  Is  presented  below  (Table  l8)». 

' 

After  evaluating  the  existing  level  L,  the  forecasters  use  the 
same  table  to  answer  the  question:  "How  will  level  L  change  in  the 
course  of  the  next  2-3  years  if  double  the  effort  (2aj)  is  expended 
on  realization  of  the  forecast  as  is  provided  in  the  predicted 
proposal?"  The  same  is  done  for  1.5&j»  etc.  over  all  the  variants 
of  distribution  of  resources  —  the  rates  of  consumption  of  means. 

Thus  we  obtained  the  value  AL^  for  time  At  equal  to  two  or  three  years. 

IV.  Evaluation  of  the  possibility  of  timely  use  of  the  results 
of  the  forecast  variant.  It  is  known  that  in  the  general  case  the 
cycle  of  fulfilling  scientific  research  work  is  described  by  a  curve 
which  is  close  to  the  normal  (Gaussian)  distribution-  We  shall 
accept  as  sufficient  for  our  conditions  a  trapezoidal  time  function 
as  the  approximation  of  the  description  of  this  cycle  (Fig.  44). 


•Tc'oles  of  this  type  must  possess  sufficient  generality  for 
applicability  to  different  scientific  research  operations,  but  formu¬ 
lation  of  the  definition  of  the  level  can  contain  positions  which  are 
specific  for  the  field  of  research. 
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On  this  diagram  tj  is  desirable  time  of  beginning  of  practical 
use  of  the  forecast  results  or  the  time  when  they  are  Joined  with 
stages  for  fulfilling  of  broader  programs  by  the  leaders,  as  fixed  by 
the  requester. 

For  each  of  the  N  forecast  variants  and  according  to  all  n 
combinations  of  distribution  of  resources,  this  diagram  is  used  to 
evaluate  two  time  functions  f(t0)  and  f(tH):  the  first  is  from  the 
point  of  view  of  applied  use  of  the  expected  results  in  technological 
systems,  while  the  second  works  from  the  point  of  view  of  scientific 
research  interests  (reserve  stock  and  joining) .  The  need  forj;wo 
evaluations  of  this"type  arises  from  tfie  fact  that  the  results  ofThe 
predicted  variants  must  in  principle  possess  not  only  applied  but  also 
general  scientific  significance . 

The  evaluation  is  carried  out  as  follows.  If  the  probable  time 
of  realisation  of  the  forecast  (at  a  given  rate  of  use  of  resources) 
lies  within  the  limits  of  0.5^  to  1.5tj,  the  evaluation  is  given 
1  point.  With  higher  values  of  forecast  time  the  evaluation  is 
correspondingly  reduced,  since  production  or  research  will  be  required 
to  wait  for  this  result.  The  evaluations  also  reduced  at  very  small 
values  of  the  time,  since  while  the  given  forecast  result  awaits 
utilization  it  can  become  obsolete  if  other  and  more  promising 
results  are  obtained  for  the  given  purposes. 


Fig.  M1).  Approximation  of  the  time  function 
for  realization  of  a  predicted  variant  of 
scientific  research  work. 


198 


•mmnwHUgu^ 


V.  Evaluation  of  th 0  generalised  significance  of  the  eolution. 

To  accomplish  this  we  first  construct  a  "goal  -  means"  matrix  (which 
we  described  in  the  second  section  of  Chapter  IV) ,  where  the  weight 
of  each  cell  is  designated  on  the  basis  of  the  procedure  for 
processing  data  outlined  there.  The  experts  subsequently  specifically 
examine  the  internal  content  of  the  forecast  variants  and,  using  the 
evaluation  matrix,  fix  the  contribution  of  each  of  the  elements  of  the 
forecast.  The  sum  of  all  obtained  evaluations  comprises  the  general¬ 
ized.  evaluation  of  the  significance,  Cj ,  of  the  composition  of  the 
predicted  solution. 

VI.  Evaluation  of  hypothetical  summary  results.  The  contribu¬ 
tion  of  the  forecast  variant  to  solution  of  production  or  applied 
technological  problems  which  arise  due  to  direct  requirement  for 
development  of  a  given  forecast  is  evaluated  according  to  a  special 
characteristic  table  containing  (like  Table  19)  specific  unique 
characteristics  of  each  level  of  evaluation.  We  give  a  list  of  these 
levels  in  short  form. 


The  forecast  relates  only  to  the  given  field....  0.1 

An  indirect  contribution  to  particular  aspects 

of  the  field  is  expected . . .  0. 2-0.3 

Improvement  in  the  characteristics  of  existing 
systems,  without  changing  their  principles,  is 
expected . . .  0.  *1-0.5 

A  significant  contribution  capable  of  changing 

the  operating  principles  of  existing  systems  is 

expected . . . . . .  0.6-0. 7 

An  important  contribution  is  forecast,  such  that 
if  it  is  not  carried  out  the  complex  of  opera¬ 
tional  indices  of  the  systems  will  be  signifi¬ 
cantly  Impaired  (failure  to  meet  requirements 
will  be  increased) . . . .  0.8-0. 9 

An  extremely  important  contribution  -  a  solution 

for  which  there  is  no  substitute  and  whose 

absence  will  disrupt  the  functioning  of  the 

systems . . .  1.0 


Evaluation  of  bc  is  given  for  each  forecast  variant. 

VII.  Evaluation  of  the  contribution  of  hypothetical  summary 
results  to  raising  the  scientific  and  technological  potential  and  to 


199 


scientific  reserve.  The  table  for  such  an  evaluation  of  results 
contains  the  following  characteristic  points. 


Possibility  of  better  understanding  of  the 

problem . . . 

Improvement  in  research  methods  and  refining  of 
known  scientific  positions.. . 

Form  ition  of  an  essentially  new  approach  to  so¬ 
lution  of  the  given  class  of  scientific  problems 

Discovery  of  new  possibilities  for  using  known 
scientific  principles . 

Obtaining  potentially  enormous  achievements, 
leading  to  discoveries  of  new  principles  and 
phenomena . . . 


0.1-0. 2 
0. 3-0.4 
0.5-0. 6 
0.7-0. 8 


0. 9-1.0 


Evaluation  of  gH  is  given  for  each  forecast  variant. 


VIII.  Equations  of  the  general  potential  significance.  These 
are  formulated  and  solved  for  each  j-th  forecast  variant  at  each  1— th 
rate  of  use  of  resources.  In  accordance  with  contemporary  concepts  of 
operations  research,  and  also  according  to  certain  approaches  which 
were  delineated  in  work  [167],  the  equation  of  the  general  potential 
significance  of  one  forecast  variant  can  be  written  in  the  following 
form: 


AL 

TF 


.  n 

i-0,  S 

'  J  jl-1 


«t0)b0 


i-i 


f(tH)gH 


(8) 


All  data  for  solution  of  this  equation  are  already  available 
to  us.  Now  we  will  pass  on  to  the  stage  of  actual  formulation  of  the 
problem  of  linear  programming. 


IX.  The  problem  of  linear  programming.  This  problem  consists  in 
the  fact  that  with  given  resources  the  requester  ranks  all  available 
forecast  variants  N  with  n  combinations  of  resource  distribution  in 
order  to  obtain  the  maximum  scientific  and  technological  effect  from 
realization  of  the  entire  complex  of  scientific  research  works  in 
which  the  requester  is  interested.  Thus,  we  must  maximize  the  purpose 
ful  [total?]  function 
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vlxl  +  V2X2  +*”+  Vi  +,,,+  Vn  "  V 


(9) 


where  x,  is  the  relative  volume  of  scientific  research  work  to  be 
financed  at  the  i-th  rate  of  expenditure  of  resources;  V8  is  the 
total  significance  of  the  entire  program. 


We  shall  set  the  limiting  conditions. 


First: 

&1xx  +  a2x2  +...+  a^  +...+  anxn  <  Mp. 

Second: 

x  +  x2  +  x3  +  x„  +  x5  +  -  1 

.  •  •  *  *  I 

* 

xn-5  +  xn-4  +  xn-3  +  Xn-2  +  xn-l  +  xn  "  1 

Third : 


(10) 


(11) 


(12) 


where  i  ■  1,  2,  . . . ,  n. 

X.  Solution  of  tho  problem  of  lintar  programming.  Simultaneously 
with  solution  of  this  problem,  we  accomplish  solution  of  the  problem 
of  selecting  forecast  variants  according  to  their  preferability  and 
also  the  problem  of  the  optimum  (from  the  point  of  view  of  obtaining 
the  maximum  summary  effect)  distribution  of  the  resources  of  the 
requester  between  various  proposed  forecast  variants  of  scientific 
research  work.  Analysis  of  these  data  should  permit  the  requester  to 
make  decisions  on  formulating  a  prospective  plan  of  scientific 
research  and  development  whioh  has  a  sound  scientific  basis  and  will 
be  moat  successful  in  the  specific  situation. 


Experience  in  solving  other  similar  complexes  of  linear  programming 
problems  attest  to  the  fact  that  even  when  the  values  3  <  N  <  6  and 
3  <  n  <  6  it  is  advisable  to  solve  these  problems  with  the  aid  of  an 
electronic  computer.  By  using  machines  with  an  adequate  storage 
capacity  it  is  possible  to  accomplish  systematic  reevaluation  of 


201 


forecast  variants  when  there  are  changes  In  capabilities  or  growth 
in  requirements. 

2.  System  of  forecasts 

Each  of  the  forecasting  methods  known  at  present  has  its  strong 
points,  weak  points,  and  limits  of  capability.  However  -  and  we  wish 
to  specially  emphasize  this  —  taken  ae  a  whole ,  the  oomplex  of 
oontemporary  methods  of  eoientifio  forecasting  represents  a  new  and 
extremely  powerful  tool  for  providing  sound  eoientifio  basis  for 
policies  in  the  region  of  development  of  eoienoe  and  teohnology . 

Table  19  characterizes  our  ideas  on  the  area  of  applicability  of 
the  considered  methods  of  developing  basic  functional  types  of 
fprecasts  (Mn,  (in,  on)  in  generalized  form.  It  should  be  stipulated 
that  because  of  still  deficient  experience  in  using  a  number  of 
forecasting  methods,  the  evaluations  which  are  given  in  the  table 
carry  a  preliminary  character.  In  the  course  of  further  development 
of  the  theory  and  practice  of  scientific  forecasting  it  is  naturally 
expected  that  there  will  be  refinement  of  presentations  on  the 
possibilities  of  different  methods  of  forecasting.  The  actual 
functional  diagram  of  classification  of  forecasting  methods  also 
requires  refining. 

Independently  of  Just  how  far  Individual  forecasting  methods 
Justify  our  hopes,  in  our  view  the  major-  and  determining  factors  in 
the  approach  to  forecasting  methods  should  be  the  principle  of  complex 
utilization  of  the  available  arsenal  of  forecasting  methods.  The  goal 
of  such  an  approach  is  to  obtain  variants  of  forecasts  which  are 
undergoing  development  (refinement),  being  made  more  specific  as 
experience  in  realizing  initial  hypotheses  is  accumulated. 

Under  the  influence  of  the  ever-growing  rates  of  world  scientific 
and  technological  progress  the  optimum  forecasting  range  realizable 
by  one  and  the  same  method  usually  has  a  tendency  to  be  reduced.  In 
any  case,  where  at  the  beginning  of  the  century  it  was  possible  to 
predict,  for  example,  patent  information  20-30  years  ahead,  today  we 
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have  a  depth  on  the  order  of  8-10  years  -  i.e.,  in  this  period  there 
Is  a  ohange  for  realization  and  significant  innovation. 


Table  19. 


(A 

CO 

as 

H 

Type 

T 

2 

Applic¬ 
ability  to 

Forecasting  methods 

iimi 

mil 

on 

i 

Extrapolation  methods 

1 

— 

Extrapolation  of  data  on  the  magnitude  of  param- 

etere  of  objeots  of  foreoaeting 

tt 

tt 

i 

Extrapolation  of  quantitative  parameters  of  tech- 

X 

X 

It 

tt 

2 

Extrapolation  of  quantitative  characteristics  of 

X 

2 

— 

Extrapolation  of  evaluated  funotional  oharaoter- 

ietioe 

ft 

n 

1 

Extrapolation  of  data  on  the  fruitfulness  of 

X 

X 

It 

tt 

2 

Extrapolation  of  evaluations  of  quality  of  func- 

tioning  of  technical  equipment . 

X 

X 

X 

3 

_ 

Extrapolation  of  ay  stem  and  etruotural  oharaoter- 

ietioe 

It 

tt 

1 

Extrapolation  of  the  characteristics  of  the  rela- 

tionships  of  structural  elements  in  systems . 

X 

X 

X 

It 

tt 

2 

Extrapolation  of  the  indices  of  the  level  of 

complexity  of  systems . 

X 

X 

X 

II 

Expertise  methods 

1 

— 

Individual  expert  evaluations 

It 

tt 

1 

Evaluations  of  the  interview  type . 

X 

X 

— - 

It 

tt 

2 

Analytical  evaluations  of  experts. . 

X 

X 

X 

tt 

2 

— 

Collective  expert  evaluations 

X 

X 

X 

It 

It 

1 

X 

X 

X 

tt 

tt 

2 

X 

— 

— 

tt 

tt 

3 

X 

X 

X 

hi 

Simulation  methods 

1 

— 

Logio  epeoimen  models 

tt 

It 

1 

X 

X 

X 

tt 

tt 

2 

X 

X 

*  ~~ 
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Table  19  (continued). 


n  « 

cd  O. 

H  t? 


Forecasting  methods _ _ 


III  2  —  Hathumatioal  modult 

"  »  l  statistical  probability  models . 

"  2  Economic-mathematical  models .  * 

»  3  Functional  hierarchical  models . .  x  * 

3  —  Information  moduli  x 

«  '<  i  information  models  based  on  patent  documentation. 

»  "  2  Models  of  flows  of  scientific  and  technical 

publications . . . 

"  "  3  Information  models  of  interaction  between 

sciences . . . . . . . 


lull!: 


From  this  there  ensues  an  imperative  need  for  purposeful  improve¬ 
ment  of  methods  of  contemporary  forecasting.  In  these  conditions  the 
creation  of  systems  of  continuous  forecasting  is  especially  promising. 


Fig.  45.'  Diagram  of  a  continuously 
operating  system  of  scientific  and 
technical  forecasting. 
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Figure  45  illustrates  our  presentations  on  this  idea.  A 
developed  complex  forecast  (Hfl,  IYI,  0(1)  at  an  optimum  range  -  equal, 
for  example,  to  10  or  15  yearB  -  is  broken  down  into  five  character¬ 
istic  stages,  each  of  which  has  a  respective  magnitude  of  2  or  3 
years.  In  the  period  of  realization  of  the  first  stage  the  entire 
complex  forecast  is  elongated  by  At  and  each  of  its  components  is 
refined  by  the  quantity  AE.  They  proceed  further  in  an  analogous 
manner. 

We  are  convinced  that  the  high  requirements  presented  to 
scientific  prediction  of  the  contemporary  level  of  progress  of 
science  and  technology  cannot  be  met  by  uncoordinated  -  however 
intelligent  —  statements  of  outstanding  scientists  nor  by  occasional 
excursions  into  the  realm  of  the  future  undertaken  on  the  initiative 
of  groups  of  researchers,  but  only  by  the  organization  of  a  constantly 
functioning  system  of  analysis  of  trends  and  forecasting  of  scientific 
and  technological  development*. 

Such  a  system  of  forecasting,  based  on  the  use  of  modern 
equipment  in  computer  technology,  would  be  capable  of  providing 
operational  solution  to  the  fundamental  problems  stated  in  this  book: 
constant  information  tracing  of  trends  in  scientific  and  technological 
development,  systematic  technical  and  economical  evaluation  of  the 
level  of  complex  technical  systems  which  are  operational  and  which 
are  in  the  course  of  research  and  development,  formulation  of 
refined  variants  of  forecast  hypotheses  and  their  running  reevaluation. 
All  of  this  should  be  a  powerful  factor  for  increasing  the  objectivity 
and  the  level  of  optimality  of  decisions  made  in  the  course  of 
controlling  the  development  of  the  most  promising  branches  of  science 
and  technology. 

•One  of  the  first  subsystems  is  already  operational.  This  is  the 
automated  forecasting  system  "FAME"  (acronym  for  the  English  phrase 
"forecasts  and  management  evaluations."  It  was  created  for  the  NASA 
management  by  the  firm  "General  Electric."  As  a  whole  several  thousand 
electronic  computers  are  being  applied  in  the  USA  for  the  solution, 
of  various  forecasting  problems ;  these  computers  are  used  to  fulfill 
about  40J  of  the  total  volume  of  work  inputs  in  the  forecasting  field. 
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The  interests  of  prospective  planning  of  scientific  and 
technological  progress  in  Socialist  society  and  scientifically  based 
realization  of  a  unified  state  scientific  and  technical  polloy 
in  our  country  imperatively  demand  that  the  business  of  organizing 
forecasting  works,  increasing  their  theoretical  and  methodological 
level,  and  also  equipping  forecasters  with  powerful  means  of  data 
processing  be  assigned  paramount  value  by  the  state. 

3.  Algorithm  for  organization  of  forecast 
developments 

Generalizing  the  material  outlined  above,  we  can  note  the 
following  characteristic  features  of  scientific  and  technological 
forecasting  which  are  more  or  less  clearly  crystallizing  at  the 
present  time: 

systems  approach  to  the  analysis  of  trendB  and  to  forecasting, 
taking  into  account  the  connection  of  this  type  of  forecast  with 
economic  and  social  forecasts; 

complexity  of  methods  of  analysis  and  forecasting  uBlng  specific 
ideas  of  cybernetics,  economics,  mathematics,  and  information  theory; 

the  existence  of  quantitatively  determined  probability  evalua¬ 
tions  of  the  future  state  of  the  studied  objects; 

continuity  (systematic  nature)  of  work  on  analyzing  trends  and 
forecasting  scientific  and  technological  development; 

broad  use  of  contemporary  technical  equipment  for  analyzing 
the  vast  amount  of  scientific  and  technological  information,  realiza¬ 
tion  of  formalized  models,  and  production  of  computation; 

conscious  orientation  of  scientific  and  technical  forecasters 
toward  practical  cooperation  in  prospective  planning  of  the  progress 
of  science  and  technology. 

Experience  shows  that  although  the  bases  for  determining  objects 
of  scientific  and  technological  forecasting  may  be  different  (predicted 
economic  requirements;  technical  characteristics  which  do  not  satisfy 
new  requirements;  newly  discovered  capabilities  of  science;  internal 
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requirements  of  the  scientific  and  technological  process),  the 
urgency  of  all  of  them  is  constantly  growing. 

In  connection  with  the  arrival  of  we r*  on  scientific  and 
technological  forecasting  at  the  stage  of  broadly  Btated  practical 
developments,  there  is  special  interest  in  generalization  of  actual 
experience  in  organizing  and  utilizing  forecast  developments.  Our 
approach  to  the  general  algorithm  (sequence)  of  actions  during 
practical  forecasting  can  be  outlined  in  the  form  of  the  character¬ 
istics  of  the  following  basic  stages  of  the  work. 

1.  Request  for  a  forecast.  The  organization  requesting  forecast 
work  must  do  the  following:  determine  the  object  of  forecasting 

(its  span),  indicate  the  desired  range  of  forecast  evaluations  and 
outline  the  proposed  forms  of  the  use  of  the  forecast  results.  An 
Important  part  of  the  request  for  a  forecast  is  formulation  by  the 
requester  of  his  understanding  of  the  basic  goal  of  development  of 
the  given  object  of  forecasting. 

2.  Preforecast  orientation.  It  consists  in  clarification  of 
the  working  details  of  the  assignment  for  a  forecast,  organization 
of  the  collection  of  basic  data  required  for  the  forecasting 
operations,  preliminary  familarization  with  existing  surveys  and 
forecast  evaluations  relating  to  the  given  object  of  forecasting, 
and  also  the  compilation  of  a  detailed  plan  of  the  forecasting 
operations. 

3.  Analysis  of  trends  and  evaluation  of  the  level  of  scientific 
and  technological  development.  It  is  at  this  stage  that  actual 
forecasting  activity  (Hn)  begins.  A  generalized  synthesis  survey  of 
experience  in  development  of  the  object  is  prepared;  in  it  the  basic 
accent  is  on  quantitatively  defined  evaluations  of  accumulating 
trends  of  development.  A  mandatory  and  very  important  type  of  work 
carried  out  on  this  stage  is  evaluation  of  the  level  of  scientific 
and  technological  development  of  the  object  as  compared  both  with 
other  countries  and  with  the  best  Soviet  specimens.  At  this  stage 
there  is  clarification  and  formulation  of  the  basic  factors  and 
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contradictions  which  stimulate  and  inhibit  development  of  the  object 
or  which  specifically  influence  its  course.  Special  value  attaches 
to  specific  evaluation  of  the  economic,  industrial,  organizational, 
and  actual  scientific  and  technological  cause-effect  relationships 
of  the  given  object  with  other,  broader  systems. 

4.  Construction  of  a  "goal  -  means"  matrix.  On  this  stage, 
which  has  essential  significance  for  success  of  subsequent  operations, 
the  forecasters  give  formulations  of  the  following,  as  objective, 
logical,  and  noncontradictory  as  possible:  general  goal  of  develop¬ 
ment  of  the  given  object  of  forecasting;  basic  subgoals  -  specific 
paths  leading  to  achievement  of  the  general  goal;  a  breakdown  of  the 
array  of  directions  possible  in  principle  for  carrying  out  scientific 
and  technological  operations  which  can  serve  as  the  means  for 
achieving  one  or  another  of  the  subgoals,  and  thereby  further  the 
achievement  of  the  general  goal  of  development.  Special  methods  of 
expert  evaluations  are  used  to  assign  to  all  cells  of  this  matrix  the 
corresponding  "weighted"  coefficients. 

5.  Determination  and  analysis  of  the  possibilities  of  scientific 
and  technological  development.  Ranging  of  the  obtained  list  of  key 
events  according  to  their  relative  significance  (Wfl). 

6.  Pormulatlon  of  possible  sequences  of  one  or  {mother  group  of 
key  events  and  tleing  them  into  hypothetical  networks  of  program 
operations.  An  important  problem  in  this  stage  of  the  work  is  the 
probability  evaluation  of  the  measure  of  reality  and  of  the  proposed 
periods  for  accomplishment  of  the  forecast  events  (nn). 

7.  Determination  of  requirements,  evaluation  of  consequences 
and  prospects  of  development  of  the  organizational  system  of  the 
science  in  connection  with  the  results  of  the  preceding  stage  of  the 
ooeratlons.  An  important  point  here  is  expansion  of  the  evaluation 
of  resources  which  are  required  for  the  achievement  of  the  different 
paths  to  one  or  another  goal  of  scientific  and  technological  develop¬ 
ment,  and  also  a  solution  of  the  problem  of  the  possibility  of 
optimum  distribution  of  resources  between  different  forecast  directions. 
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In  this  stage  the  Hfl  and  fin  forecasts  are  reinforced  and  on  are 
developed. 

8.  Formulation  of  a  complex  concept  of  scientific  and  technolog¬ 
ical  development  in  the  form  of  a  system  of  argued  positions  and 
quantitatively  determined  indices  and  parameters.  This  concept  is 
supplemented  by  a  descriptive  document  of  the  "scenario  of  the 
future"  type,  in  which  the  proposed  strategic  doctrine  for  development 
of  the  branch  of  science  is  accompanied  by  formulation  of  the  most 
promising  (from  the  point  of  view  of  forecast  data)  of  the  given 
directions  of  development  of  certain  branches  of  science  and 
technology.  The  most  important  and  critical  portion  of  the  work  on 
this  stage  is  thus  the  preliminary  selection  of  alternative  variants 
of  scientific  and  technological  development . 

9.  Summary  balancing  of  the  system  of  quantitative  indices 

.  Included  in  the  complex  forecast  with  data  on  economic  potential, 
resources,  etc.  So  far  as  webear  in  mind  that  the  factors  of  an 
economic  character  will  be  taken  into  account  on  all  Btages  of 
complex  forecasting  (particularly  broadly  on  the  stages  3,  7,  and  8 
in  the  process  of  nn  and  On,  and  also  during  solution  of  the  problem 
of  distribution  of  resources  and  selection  of  variants),  the  summary 
balancing  has  the  purpose  of  achieving  more  refined  matching  mainly 
over  the  system  of  expanded  indices  of  scientific,  technological, 
economic,  and  social  development. 

10.  The  preparation  and  shaping  of  materials  of  the  forecast 
for  transmission  to  the  requester,  assistance  in  introducing  the 
obtained  forecast  developments  into  the  practice  of  making  decisions 
and  in  the  business  of  prospective  and  current  planning. 

In  accordance  with  the  accepted  concepts  of  scientific  and 
technological  forecasting,  the  developed  baeio  foreoaet  dooumantation 
should  contain  the  answers  to  three  mutually  connected  groups  of 
questions: 

give  an  argued  formulation  of  the  variants  of  possible  goals  of 
scientific  research  and  technical  development  with  indication  of  their 
comparative  significance; 
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provide  a  foundation  for  the  predicted  paths  (sequence  of  events, 
stages,  types  of  organization  of  work)  for  achieving  various  goals 
with  indicated  probable  periods  of  time  required  for  this; 

evaluate  the  scale  of  resources  (means,  personnel,  etc.)  which 
are  required  to  arrive  at  one  or  another  of  the  goals  of  the  various 
routes.  Provide  a  foundation  for  the  proposal  to  distribute  resources 
between  different  forecast  directions. 

A  scientific  and  technological  forecast  must  be  accompanied  by 
a  mandator),  n»atB«aa(  fcout  ioou..«tation.  »ho..  compo.ltlon  mu.t 
include  the  following: 

a  brief  account  of  the  basic  economic,  social,  political,  and 
other  principles  taken  into  account  during  compilation  of  the  forecast; 

characteristics  of  the  scientific  methods  used  to  develop  the 
forecast  and  refine  scientific  and  technological  foundations; 

summary  evaluations  of  the  possible  time  periods,  predicted 
probabilities,  and  total  value  of  achievement  of  important  key  events; 

comparisons  (including  international)  of  the  scientific  and 
technological  level  at  the  time  of  forecasting  and  over  the  perspective 

being  predicted; 

indications  of  the  expected  influence  of  various  fields  of 
scientific  and  technological  progress  on  others; 

formulation  and  evaluation  of  possible  social  consequences; 

fundamental  considerations  and  specific  proposals  on  necessary 
special  levels  for  realization  of  the  forecast  prospects  (new  types 
of  economic  connections  and  structures,  methods  of  stimulation, 
acquisition  of  licenses,  etc.). 

The  documentation  which  is  developed  in  the  course  of  scientific 
and  technological  forecasting  and  which  reflects  the  contents  of  the 
forecast  must  be  regarded  as  an  Important  scientific  result  with 
value  to  the  state.  The  major  requesting  organizations  should  have 
card  files  of  all  scientific  and  technological  forecasts  in  the  area 
of  their  interests  developed  at  their  request  (including  those  which. 
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for  any  reason,  were  not  aoceptei  f.;  realization),  and  also  a  file 
of  forecasts  which  are  known  from  information. 

The  points  listed  here  could  be  continued.  Their  volume  and 
level  depend  on  the  specific  conditions.  However,  it  should  always 
be  kept  in  mind  that  analytical  documentation  of  this  type  facilitates, 
and  frequently  to  a  decisive  degree  guarantees,  the  possibility  of 
using  forecasts  in  planning  and  management  decisions .  No  less 
important  is  the  fact  that  it  "attaches"  scientific  and  technological 
forecasts  directly  to  the  entire  system  of  economic  and  Bocial 
forecasting. 
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THE  FUTURE  OF  THE  SCIENCE  OF  THE  FUTURE 


(Conclusion) 

In  placing  before  the  nation  the  problem  of  a  manifold  increase 
in  the  effectiveness  of  scientific  and  technological  progress,  the 
Communist  Party  and  Soviet  Government  rely  not  only  on  the  creative 
enthusiasm  and  vigorous  energy  of  our  talented  people.  A  no  less 
important  role  is  assigned  to  the  perfection  of  the  business  of 
organization,  planning,  economic  stimulatiorv  and  control  of  scientific 
and  technological  progress. 

In  this  historically  important  business  an  exceptionally 
important  mission  is  assigned  to  the  rftudy  of  science,  which  brings 
to  bear  the  apparatus  of  scientific  analysis  on  the  study  of  the 
processes  of  scientific  and  technological  development.  It  must  become 
a  unique  theoretical  basis  for  state  control  of  the  progress  of 
science  and  technology. 

Attentively  studying  the  lessons  of  the  past,  deeply  analyzing 
the  contemporary  wealth  of  experience,  the  study  of  science  strives 
to  understand  the  science  of  the  future.  It  is  required  to  use  all 
of  its  results  to  serve  for  more  successful  paving  of  the  scientific 
road  into  the  future.  In  particular,  the  function  of  providing 
concrete  presentations  on  the  future  of  science  and  technology  is 
inherent  to  scientific  forecasting  -  the  newly  developing  branch  of 
the  study  of  science  with  which  we  are  familarizing  you,  valued 
colleague,  in  this  book. 
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Students  of  science  and  forecasters  represent  only  a  small 
section  of  researchers  in  the  vast  army  of  Soviet  scientists.  They 
by  no  means  pretend  to  the  role  of  leadership  of  science,  but  only 
strive  to  become  businesslike  and  useful  assistants  to  the  people  and 
collectives  directly  creating  the  future  science  and  technology.  We 
will  always  remember  the  wise  observation  of  V.  I.  Lenin  concerning 
ne  fact  that  "the  wisdom  of  tens  of  millions  of  creative  people 
will  create  nothing  immeasurably  higher  than  the  very  greatest  and 
most  brilliant  foresight"*. 

In  our  view  the  role  of  the  student  of  science  and  forecaster  in 
the  collective  process  of  predicting  the  future  presents  the  following 
basic  features.  He  appears  on  the  stage  as  the  organizer  of  groups 
of  specialists  who  possess  the  knowledge,  experience,  and  intuition 
required  for  the  development  of  complex  forecasts.  The  forecaster 
participates  in  this  work  as  a  researcher,  having  at  his  disposal 
a  developed  arsenal  of  special  methods  of' studying  the  processes  of 
scientific  and  technological  development.  At  the  same  time  he  has 
the  indispensable  duty  of  constantly  generalizing  actual  experience 
n  forecasting,  developing  theoretical  principles  of  scientific  and 
technological  forecasting,  and  perfecting  its  special  methods  and 
procedures . 


The  future  of  our  branch  of  science  is  closely  bound  to 
cooperation  with  specialists  from  all  branches  of  science,  in  com¬ 
prehension  of  the  specific  features  of  their  creative  labor,  and  in 
the  enrichment  of  the  study  of  science  with  the  most  valuable 
experience  in  organizing  the  scientific  process  as  it  is  accumulated 
a  y  in  science.  The  need  to  assist  colleagues  to  a  better  under- 
s  ending  of  the  particular  problems  and  possibilities  of  scientific 
and  technological  forecasting  inspired  the  author  to  the  writing  of 
this  book,  m  many  respects  this  requirement  also  determined  the  form 
presentation  of  the  material.  The  author  confesses  that  many 

o7lelYere  l6ft  h6re  Wlth0Ut  “  an8WCr’  and  even  greater  number 
questions  were  left  unasked.  But  if  the  book  will  assist  in  the 

*V.  I.  Lenin.  Complete  Collected  Works,  Vol.  35,  p.  281. 
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specific  and  goal-oriented  examination  of  the  problems  of  scientific 
forecasting,  the  collective  search  for  methods  of  their  solution, 
the  author  will  consider  its  publication  to  have  been  justified. 


REFERENCES 


1.  Dobrov,  Q.  M.,  and  A.  Yu.  Golyan-Nikol ' skly .  Vek  velikikh 
nadezhd.  Sud'by  nauchno-tekhnieheskogo  progreasa  XX  stoletiya 
(Century  of  great  hopes.  The  fate  of  scientific  and  technological 
progress  of  the  Twentieth  Century),  Kiyev,  Naukova  dumka,  1964. 

2.  Kirpichev,  V.  L.  Rech'  k  15-letlyu  KPI  (Speech  at  the  15th 
anniversary  of  the  KPI),  Izveatiya  Kiyevskogo  politekhnicheskogo 
instituta,  1913,  No.  4. 

5  Vernadskiy,  V.  I.  Zadacha  dnya  v  oblasti  radlya  (1910  g.). 
"Ocherki  i  rechi  akademlka  V.  I.  Vernadskogo"  (Problem  of  the  day  in 
the  field  of  radium  (1910).  "Reports  and  speeches  of  Academician 
V.  I.  Vernadskiy"),  Ch.  1,  Pr. ,  1922,  p.  37.  See  also  the  Foreword  to 

Part  II  of  the  same  collection. 


4.  Yung,  R.  Yarche  tysyachl  solnts  (Brighter  than  a  thousand 
suns),  M. ,  Atomizdat,  1961* 

5.  Adams,  H.  The  degradation  of  democratic  dogma,  N.  Y., 
Capricon,  1958  (first  published  in  1919). 

6.  Barnes,  H.  E.  Historical  sociology,  N.  Y.,  1948. 

7.  Cited  in  the  work:  A.  Bebel’.  Budushcheye  obshchestvo  (The 
future  society),  Qospolitlzdat ,  1959,  PP»  43-44. 

8.  In  the  book:  Sociology  of  science,  N.  Y.,  1962,  pp.  142-152. 


9.  Gvishiani,  D.  M..  and  V.  A.  Lisichkin.  Prognostika  (Fore¬ 
casting),  M. ,  Znaniye ,  1968. 

10.  Bauer,  A.,  and  V.  Eiehorn.  Prognoz  i  dialektika  (Forecasting 
and  dialectics),  Voprosy  filosofii,  1968,  No.  10. 


11.  Dobrov,  0.  M.  Prognozirovaniye  vazhneyshikh  napravleniy 
razvitlya  nauki  i  tekhniki  (Forecasting  the  most  important  directions 
of  development  of  science  and  technology).  Report  at  the  Symposium 
of  the  Council  for  Mutual  Economic  Aid  on  the  Problem  of  Control, 


215 


Planning,  and  Organization  of  Scientific  and  Technical  Research,"  M., 

1968. 


12.  Analiz  tendentsiy  i  prognozirovaniye  nauchno-tekhnicheskogo 
progressa  (Analysis  of  trends  and  forecasting  scientific  and 
technological  progress),  Kiyev,  Naukova  dumka,  1967. 

13.  Analiz  zakonomernostey  i  prognozirovaniye  razvitiya  nauki 
i  tekhniki  (Analysis  of  laws  and  forecasting  the  development  of 
science  and  technology),  Ch.  I-IV,  Kiyev,  Izd.  UkrNIINTI,  1967. 

14.  Lessing,  L.  Where  the  industries  of  the  seventies  will 
come  from.  Fortune,  1967,  No.  1,  pp.  96-99. 

15.  Analyse  et  provision  (Analysis  and  forecasting),  Paris, 

1967,  No.  6,  p.  60. 

16.  Lascault,  0.  Un  avenir  redoute  (Dreaded  future).  Esprit, 

1966,  No.  2,  p.  260. 

17.  Platt,  V.  Infonuatsionnaya  rabota  strategicheskoy 
razvedkl.  Osnovnyye  printsipy  (Informational  work  of  strategic 
reconnaissance.  Basic  principles).  Translated  from  the  English,  M., 

IL.,  1958,  p.  255  and  258. 

18.  Bardet,  0.  Demain  c’est  2000  (Tomorrow  -  2000),  PariB,  1952. 

19.  Bowden.  Expectation  for  science.  New  Scientist,  1965, 

Vol.  27,  No.  463,  pp.  849-853}  Vol.  28,  No.  464,  pp.  48-52. 

20.  Price,  D.  The  exponential  curve  of  science.  Discovery, 

1956,  No.  6,  pp.  240-243. 

21.  Price,  D.  Little  science  -  big  science,  N.  Y.,  Columbia 
University  Press,  1963,  P-  23. 

22.  Jantsch,  E.  Technological  forecasting  in  perspective, 

Paris,  OECD,  1967. 

23.  Dobrov,  Q.  M.  Nauchnoye  prognozirovaniye  i  istoriko- 
loglcheskly  analiz.  Tipologlya  prognozov  i  analiz  metoda  Delfi 
(Scientific  forecasting  and  historical  -  logical  analysis.  Typology 
of  forecasts  and  analysis  of  the  Delphi  method),  In  the  coll.: 

Materialy  k  simpoziumu  "Issledovaniye  operatsiy  i  analiz  razvitiya 
nauki"  (Materials  of  the  symposium  "Operations  research  and  analysis 
of  the  development  of  science"),  M. ,  1967- 

24.  Vcherashniy ,  R.  P.,  and  I.  D.  Ivanov.  Patenty  i  tekhnicheskaya 
politlka  (Patents  and  technological  policy),  Voprosy  izobretatel 'stva, 
1966,  No.  7. 

25.  Dobrov,  0.  M.,  et  al.  Potentsial  nauki  (The  potential  of 
science),  Kiyev,  Nauka,  1969* 

26.  Wur.derlich,  L.  Informat ionsgewinnung  fur  die  Prognose 
(Obtaining  information  for  forecasting).  In:  Wirtschaftsprognose  in 


216 


der  technlschen  Revolution  (Industrial  forecasting  in  the  technological 
revolution),  Berlin,  Die  Wirtschaft,  1967,  pp.  111-129, 

27.  Dobrov,  0.  M.,  L.  P.  Smirnov,  and  Ye.  I.  Levin.  Potentsial 
uprezhdeniya  kak  svoystvo  potokov  informatsii  (Lead  time  potential  as 
a  property  of  Information  flows),  Nauchnotekhnicheskaya  informatsiya, 
1967,  Mo.  10. 

a 

28.  Clganlk,  M.  Vytvafanle  a  vyuzivanie  fondu  infdrmacli  vo 
vede,  technike  e  ekonomike  (Formulating  and  using  a  fund  of 
information  in  science,  technology,  and  economics),  Bratislava  - 
Praga,  1964. 

29.  Roget,  P.  M.  Everyman's  thesaurus  of  English  words  and 
phrases,  M.  Y.,  1952. 

30.  Cherny y,  A.  I.  Mekhanlzatslya  informat sionnogo  poiska  i 
tezaurusy  (Mechanization  of  information  retrieval  and  thesauri). 

In  the  coll.:  Trudov  simpoziuma  SEV  "Kompleksnaya  mekhanlzatslya  i 
avtomatizatslya  protsessov  obrabotki,  poiska,  vydachl  1  peredachl  na 
rasstoyaniye  nauchno-tekhnlcheskoy  informatsii"  (Works  of  the 
symposium  of  the  CMEA  "Complex  mechanization  and  automation  of  the 
processes  of  retrieval,  processing,  output,  and  transmission 
over  a  distance  of  scientific  and  technological  information ,  M. , 

1966,  pp.  272-297. 

31-  Shreyder,  Yu.  0  kolichestvennykh  kharakterlstikakh 
semanticheskoy  informatsii  (On  the  quantitative  characteristics  of 
semantic  information),  Nauchno-tekhnicheskaya  informatsiya,  1963, 

No.  10. 


32.  Taube,  M.  Vychlalltel'nyye  mashlny  i  zdravyy  smysl 
(Computers  and  common  sense)  ,  M.,  Progress,  1964. 

?3»  de  Brollle,  L.  Pol'za  i  urokl  istoril  nauk  (Benefits  and 
lessons  of  the  history  of  science).  In  the  book:  Po  tropam  nauki 
(Along  the  paths  of  science),  M. ,  IL,  1962,  p.  317. 

34.  Asklnadze,  Ya.  K  voprosu  o  sushchnostl  vremeni  (The 
problem  of  the  essence  of  time),  Voprosy  fllosofll,  1961,  Ho.  3,  p.  60. 

35>  Kosolapov,  V.  V.  Oneseologichna  priroda  naukovogo  fakta 
(Gnoseological  nature  of  scientific  fact),  Kiyev,  Naukova  dumka,  1964, 
pp.  35-53. 


36.  Kopnin,  P.  V.  Gipoteza  i  poznaniye  deystvitel'nostl  (The 
hypothesis  and  knowledge  of  reality),  Kiyev,  Naukova  dumka,  1963, 

P-  135. 

37.  Liaichkin,  V.,  and  G.  Sarubin.  0  teoretiko-informatsionnom 
podkhode  k  prognozirovaniyu  (On  the  theoretical  information  approach 
to  forecasting),  Report  at  the  CNEA  symposium  on  the  problem  of 
"Control,  Planning,  and  Organization  of  Scientific  and  Technological 
Research,"  M. ,  i960. 


217 


38.  Ivakhnenko,  A.  0.,  and  V.  Q.  Lapa.  Klberneticheaklye 
predskazy vayushchiye  ustroystva  (Cybernetic  predicting  devicea),  Klyev, 
Naukova  dumka,  1965.  p.  47. 

39.  Leskl,  K.  Problematika  razvltiya  tekhnlcheskikh  sredstv 
(Problems  of  the  development  of  technical  equipment).  In  the  coll.: 

Works  of  the  CMEA  symposium  "Complex  mechanization  and  automation  of 
processes  of  retrieval,  processing,  and  distant  transmission  of 
scientific  and  technological  information,"  M.,  1966,  pp.  29-31. 

40.  Pesenko,  R.  A.,  and  V.  A.  Lisichkin.  Prognozirovaniye 
nauchno-tekhnicheskogo  progressa  na  osnove  pererabotki  nauchno- 
tekhnlcheskoy  informatsii  (Forecasting  scientific  and  technological 
progress  on  the  basis  of  processing  of  scientific  and  technical 
information),  M. ,  1968. 

41.  Povarov,  Q.  N.  Slozhnost1  sistem  kak  pokazatel'  nauchno- 

tekhnicheskogo  progressa  (Complexity  of  systems  as  an  index  of 
scientific  and  technological  progress).  In  the  coll.:  Problemy 

issledovanlya  sistem  i  struktur  (Problems  of  systems  and  structures 
research),  M. ,  1965. 

42.  SSSR  v  tsifrakh  v  1967  g  (The  USSR  in  figures  for  1967), 

M.,  Statistlka,  1968,  pp.  117,  139- 

43.  Nauka  o  nauke  (The  science  of  science).  Translated  from  the 
English,  M. ,  Progress,  1966. 

44.  Dobrov,  0.  M.  Nauka  o  nauke.  Vvedeniye  v  obshcheye 
naukoznanlye  (The  science  of  science.  Introduction  to  the  general 
study  of  knowledge),  Klyev,  Naukova  dumka,  1966. 

45.  Volkov,  0.  N.  Sotsiologiya  naukl.  Sotsiologicheskiye 
ocherkl  nauchno-tekhnicheskoy  deyatel'nosti  (The  sociological  sciences. 
Sociological  features  of  scientific  and  technological  activity),  M., 
Politizdat,  1968. 

46.  Qlushkov,  V.  M.  Qnoseologlcheskiye  osnovy  matematizatsii 
nauk  (Gnoseological  principles  of  the  mathematization  of  sciences), 
Kiyev,  Naukova  dumka,  1965* 

47.  Dobrov,  G.  M.  Aktual'nyye  problemy  naukovedeniya  (Urgent 
problems  in  the  3tudy  of  science),  M.,  Izd.  Znaniye,  1968. 

48.  Bernal,  J.  D.  The  social  function  of  science,  London,  1939. 

49.  St.  Bir.  Kibernetlka  i  upravleniye  proizvodstvom  (Cybernetics 
and  control  of  production),  M. ,  Nauka,  1965,  p.  23,  227,  et  al. 

50.  Saati,  T.  Mitematicheskiye  metody  issledovanlya  operatsiy 
(Mathematical  methods  of  operations  research),  M. ,  1963,  p.  11« 

51.  Anokhin,  P.  K.  Flziologiya  i  kibernetlka  (Physiology  and 
cybernetics),  In  the  book:  Pilosofsklye  problemy  kibernetiki  (Philo¬ 
sophical  problems  of  cybernetics),  M. ,  Sotsekonomgiz ,  1961. 


218 


52.  McHale,  J.  World  design  science  decade  1965-1975.  World 
resources  inventory.  Southern  Illinois  University,  1967. 

53.  Shukhardin,  S.  V.,  et  al.  Sovreraennaya  nauchno-tekhni- 
cheskaya  revolyutsiya.  Istoricheskoye  issledovaniye  (The  contemporary 
scientific  and  technological  revolution.  Historical  study),  M., 

Nauka,  1967. 

54.  Mayzel',  I.  A.  Sovremennaya  revolyutsiya  nauchno-tekhni- 
cheskaya  i  razvitiye  naukovedeniya  (The  contemporary  scientific  and 
technical  revolution  and  the  development  of  the  study  of  science), 

In  the  coll.:  Aktual'nyye  problemy  filosofskoy  nauki  (Urgent  problems 
of  philosophical  science),  L. ,  1968. 

55.  Johnsom,  E.  A.  A  proposal  for  strengthening  U.S.  technology. 
In:  Operations  research  for  research  and  development,  N.  Y.,  1963, 

p.  11. 


56.  Klappacher,  W.  Was  geschieht  fur  die  Wissenschaft? 

(What  will  become  of  science?)  Wien,  1966,  pp.  78-79. 

57.  Yampol ' skly ,  S.  M. ,  and  L.  B.  Erlikh.  Ekonomika  osvoyenlya 
novykh  konstruktsiy  mashln  (The  economics  of  mastering  new  designs  of 
machines),  M. ,  Mashinostroyeniye ,  1964. 

58.  Konson,  A.  S.,  and  V.  S.  Sominskiy.  Ekonomika  nauchnykh 
razrabotok  (The  eonomics  of  scientific  developments),  M. ,  Ekonomika, 
1968. 


59.  Semyanovskiy ,  A.  Nauka  v  kapitalisticheskikh  stranakh  kak 
novaya  apetslflcheskaya  sfera  prilozheniya  kapitala  (Science  in  the 
capitalist  countries  as  a  new  specific  area  for  investment  of  capital), 
Voprosy  ekonomiki,  1968,  No.  9,  PP>  57-66. 

60.  Some  factors  in  economic  growth  in  Europe  during  the  1950's, 
Geneva,  U.  N. ,  1964. 

61.  Ol'sevich,  Yu.  Ya.  0  teoretichesklkh  osnovakh  burzhuaznykh 
ekonomicheskikh  prognozov  i  programm  (On  the  theoretical  principles 
of  bourgeouls  economic  forecasts  and  programs ) ,  In  the  book  : 
Sorevnovaniye  dvukh  sistem.  Novyye  yavleniya  v  ekonomike  kapitallzma 
(The  competition  of  two  systems.  New  phenomena  in  economics  of 
capitalism),  M. ,  Nauka,  1967,  pp.  18-49. 

62.  Trapeznikov,  V.  Effektlvnost'  nauki  (The  effectiveness  of 
science),  Pravda,  18  January  1967. 

63.  Khachaturov,  T.  S.  Rol1  ekonomicheskoy  nauki  v  povyshenii 
effektivnosti  kapitalovlozheniy  (The  role  of  economic  science  in 
increasing  the  effectiveness  of  capital  investment).  In  the  coll.: 
Stroitel'stvo  kommunizma  i  obshchestvennyye  nauki  (The  building  of 
communism  and  the  social  sciences),  M. ,  Nauka,  1962,  p.  238. 

64.  Kurakov,  I.  G.  Nauka  1  tekhnika  v  period  razvernutogo 
3troltel'stva  kommunizma  (Science  and  technology  in  the  period  of  the 
developing  construction  of  communism),  M. ,  1963,  P>  80. 


219 


c c  Vf'herashniv .  R.  P.  Rol'  patentnoy  dokumentatsii  v 

Symposium  at8the  SMEA  on  "Control,  Planning,  and  Organization  o 
Scientific  and  Technological  Research,  M. ,  196B. 

A*;  Roirker  J  A.  Research  and  development  —  motive  povtT  of 

,.rn  U“S5:  U-KW  1966,  VI-  '3.  »o.  7.  pp.  120-129. 

67.  Freeman,  C.  The  evaluation  of  science.  New  scientist,  1966, 
Vol.  30,  No.  499,  PP*  660-662. 

68.  Morris,  H.  Forecasting  in  synthetic  textiles,  Manchester, 

I960. 

in  the  capitalist  countries  (experience  of  foreign  firms)),  •  » 

TsNIIPI,  1968. 

70  Cao-Pinna  V.  Validity  th^orique  et  empiriques  d'un®  n  k 

figures,  Vol.  1,  P-  130.  Amsterdam,  1962. 

71.  Douglas,  P.  H.  Are  there  laws  of  production?  The  theory 
of  wages,  N.  Y.,  1957. 

72  Stone  R.,  and  J.  Brown.  A  long-term  growth  model  for  the 
British "economy!  Europe's  future  in  figures,  Vol.  1.  Amsterdam,  1962, 
p.  309- 

77  McHale  J.  Science,  technology,  and  change,  T^® 
the  American  Academy  of  Political  and  Social  Science  (Philadelphia), 
1967,  Vol.  373,  September,  p.  129. 

7H  Heilbroner,  R.  L.  The  Impact  of  technology:  th®  historic 
debate , ' In:  Automation  and  technological  change,  J.  T.  Dunlop 
M.  Y.,  Prentice-Hall,  1962. 

75  Qatovskiy,  L.  M.  Ekonomicheskiye  problemy  tcKbnichealcogo 
1966,  No.  2,  pp.  30-40. 

76  Anchishkin.  A.,  and  E.  'tfershov.  Metodologicheskiye  voprosy 
narodnokhozyaystvennogo  prognozlrovaniya  (Methodological  Problems  °f 
forecasting^ of  the  national  economy),  Voprosy  ekonomiki.  No.  5,  1967, 
pp.  52-64. 

77  Kirichenko,  V.  Razrabotka  metodologlcheskikh  V°PJ°*°Y  .  , 

akonomlcheskogo  prognozlrovaniya  v  “*  J SrtSuS 
questions  of  economic  forecasting  the  USSR),  In  t 


220 


soveahchanlya  opetsialiatov  stran  —  chlenov  SEV  1  SFRYu  po  obmenu 
opytora  pri  sostavlenii  nauchno-tekhnicheskikh  prognozov  (Materials  of 
the  meeting  of  specialists  of  member  nations  of  the  CMEA  and  the 
Soc.  Fed.  Rap.  of  Yugoslavia  to  exchange  experience  in  compiling 
scientific  and  technological  forecasts).  Praga,  1967*  pp.  112-130. 

78.  Yampol'skiy,  S.  M.  Tekhnicheskiy  progress  v  usloviyakh 
ekonomicheskoy  reformy  (Technological  progress  under  conditions  of 
economic  reform),  Kommunist,  1968,  No.  11,  pp.  45-46. 

79.  Nauchnaya  sessiya  "Metodologicheskiye  problemy  dolgosrochnogo 
ekoriomicheskogo  prognozirovaniya. *  Rekomendatsii  nauchnoy  sessii 
(Scientific  session  on  "Methodological  problems  of  long-term  economic 
forecasting."  Recommendations  of  the  scientific  session),  M.,  1966, 
pp.  5-6. 

80.  Paton,  B.  Ye.  Nauchnyy  poisk:  tsel'  i  effektivnost '  . 
Problemy  i  suzhdeniya  (Scientific  exploration:  goal  and  effectiveness. 
Problems  and  Judgements) ,  Pravda,  20  July  1967. 

81.  Sominskiy,  V.  S.  Potrebnosti  sotsialisticheskogo  proiz- 
vodstva  i  pianirovaniye  nauki  (Requirements  for  socialist  production 
and  planning  of  science),  Kotnmunist,  1967,  No.  3,  PP*  74-82. 

82.  Rekus,  J.  Prognostik  von  Naturwissenschaft  und  Technikwi- 
chtiges  Instrument  zur  Vorbereltung  strateglscher  Entscheidungen 
(Forecasting  of  the  natural  sciences  and  technologically  important 
tools  for  making  strategic  decisions),  Urania,  (DDR),  1967,  No.  10, 
pp.  14-25. 

83.  Kosygin,  t.  N.  Povysheniye  nauchnoy  obospovannosti 
planov  -  vazhneyshaya  zadacha  planovykh  organov  (Vystupleniye  na 
zasedanii  Qosplana  hSSR  19  marta  1965  g)  (Improving  the  scientific 
foundation-  of  plans; -  the  most  important  problem  for  planning  organs 
(address  to  the  session  of  the  Oosplan  of  the  USSR,  19  March  1965)), 
Planovoye  khozyaystvo,  1965,  Ho.  4,  pp.  3-10. 

84.  Putyaml  progressa  (Otchet  ob  obshchem  sobranil  AN  SSSR) 
(Roads  of  progress  (Report  to  the  general  session  of  the  AS  USSR)), 
Pravda,  7  March  1968. 

85.  Materialy  soveshchaniya  spetsialistov  stran  -  chlenov  SEV  i 
SFRYu  po  obmenu  opytom  pri  sostavlenii  nauchno-tekhnicheBkikh 
prognozov  (Materials  of  the  meeting  of  specialists  of  member  nations 
of  the  CMEA  and  the  Soc.  Fed.  Rep.  of  Yugoslavia  to  exchange 
experience  in  compiling  scientific  and  technological  forecasts), 

Praga,  1967. 

86.  03novni  naBoki  za  po-natan"shnoto  razvitlye  na  sistemata  na 
upravlenlye  na  nasheto  obshchestvo  (Principal  trends  in  the  future 
levelopment  of  systems  for  controlling  our  society),  Resheniye  na 
plenums  TsK  BKP  24-26  April  1968,  Sofiya,  1968. 

87.  Lenz,  R.  Ch.  Technological  forecasting,  2  ed.  Report  of 
Aeronautical  Systems  Division,  US  Air  Force,  Ohio,  June,  1962. 


221 


88.  Forecasting  the  future.  Science  journal  (London),  1967, 

Vol.  3,  No.  10. 

89.  Pokrovskiy,  A.  I.  Oosudarstvennoye . programmirovaniye 
kapltalisticheskoy  ekonomiki  (State  planning  of  capitalist  economics). 

In  the  coll.:  Sorevnovaniye  dvukh  sistem.  Novyye  yavleniya  v 
ekonomike  kapitallzma  (Competition  of  two  systems.  New  phenomena  in 
the  economics  of  capitalism),  M.,  Nauka,  1967,  pp.  7-17. 

90.  Qalimov,  A.  Promyshlennyy  shpionazh  v  SShA  (Industrial 
espionage  in  the  USA),  Ekonomicheskaya  gazeta,  September  1967*  No.  36, 
p.  46. 

91.  Prehoda,  R.  W.  The  growing  role  of  technological  forecasting. 
The  Futurist,  1967,  Vol.  1,  No.  3,  P*  34. 

92.  Mills,  F.  Statisticheskiye  metody  (Statistical  methods), 
Translated  from  the  English*  M. *  Gosstatizd&t *  1958*  p.  650. 

93.  Konson,  A.  S.  Planirovaniye  novoy  razrabotki  (Planning  new 
development),  L. ,  1966. 

94.  Lisichkin,  V.  A.  Ekonomicheskiye  problemy  prognozirovaniya 
(Economic  problems  of  forecasting),  M.,  1968. 

95.  Amer,  P.  Computer  aspects  of  technological  change.  Automa¬ 
tion  and  economic  progress,  Rand  Corporation,  November  1965. 

96.  Friihaut,  N.  Perspektiven  der  Nachrlchtentechnik.  VIII. 
Inernational-Kolloqium  TH  Ilmenau  (Prospects  in  communications. 
International  colloquium  at  Ilmenau  Technical  College),  Nachrich- 
tentechnik,  1964,  Vol.  14 ,  No.  1,  pp.  1-11. 

97.  Zarzhltskaya,  L.  V.,  A.  A.  Zvorykin,  and  B.  I.  Spasskiy. 
Prlmeneniye  kolichestvennykh  metodov  dlya  kachestvennoy  otsenkl 
razvltlya  razdelov  fiziki  (Application  of  quantitative  methods  for 
qualitative  evaluation  of  the  development  of  branches  of  physics). 

In  the  coll.:  Vsesoyuznoye  soveshchaniye  po  kolichestvennym  metodam 
v  sot siologli •  Materialy  sektsii  kolichestvennykh  metodov  izucheniya 
razvltlya  nauki  (All-Union  Conference  on  Quantitative  Methods  in 
Sociology.  Materials  of  the  section  on  quantitative  methods  of 
studying  the  development  of  science),  M. ,  1967. 

98.  Brown,  H.,  J.  Bonner,  and  J.  Weir.  The  next  hundred  years, 

N.  Y. ,  Viking  Press,  1957. 

99.  Dobrov,  0.,  V.  Klimenyuk,  and  A.  Savel'yev.  Nekotoryye 
puti  optimizatsii  organizatsionnoy  struktury  nauki  (Some  routes  for 
optimizing  the  organizational  structure  of  science).  Report  to  the 
Symposium  of  the  CMEA  on  the  Problem  of  "Control,  planning,  dis¬ 
organization  of  scientific  and  technological  research,  M. ,  i960. 

100.  Clark,  A.  Cherty  budushchego  (Features  of  the  future), 
Translated  from  the  English,  M. ,  Mir,  1966. 


222 


101.  Zwicky,  P.  Morphology  of  propulsive  power.  Monographs  on 
morphological  research.  No.  1.  Pasadena,  Society  for  Morphological 
Research,  1962. 

102.  Iordanskiy,  D.  I.  Metod  gruppovogo  obsuzhdenlya  s  otne- 
seniyem  otsenkl  (Method  for  group  Judgement  with  referred  evaluation), 

In  the  coll. :  Vsesoyuznoye  soveshchanlye  po  kollchestvennym  metodam 

v  sot slologll .  Materlaly  sektsil  kolichestvennykh  metodov  izucheniya 
.razvitiya  nauki  (All-Union  Conference  on  Quantitative  Methods  of 
Sociology.  Materials  of  the  section  for  quantitative  methods  of 
studying  the  development  of  science),  M.,  1967. 

‘  103.  Hinrichs,  J.  R.  Creativity  in  industrial  scientific 

research.  A  critical  survey  of  current  opinion,  theory  and  knowledge, 
AMA  Management  Bulletin,  1961,  No.  12. 

104.  Gordon,  T.  J.,  and  0.  Helmer.  Report  on  a  long-range  fore¬ 
casting  study.  The  RAND  Corporation,  Santa  Monica  (Calif.),  Sept. 

1964,  Prospective  a  long  terme,  Puturibles,  No.  08,  Paris,  10  March 

1965. 

105.  Kendall,  M.  Rank  correlation  method,  N.  Y.,  1955. 

106.  Nalimov,  V.  V.,  and  N.  A.  Chernova.  Statisticheskiye  metody 
planirovaniya  ekstremal'nykh  eksperlmentov  (Statistical  methods  of 
planning  extremal  experiments),  M.,  Nauka,  1965. 

107.  Yul,  D.  E.,  and  M.  L.  Kendal.  Teoriya  statistiki  (The 
theory  of  statistics),  M.,  Gosstatizdat ,  I960. 

108.  Dikson,  Ch.  Osnovnyye  printsipy  planirovaniya  eksperimenta 
(BaBic  principles  of  planning  experimentation),  M.,  Mir,  1967. 

109.  Helmer,  0.  Social  technology,  N.  Y.,  Basic  BookB,  1966. 

110.  Chavchanidze,  V.  V.  Kiberneticheskiye  metody  dolgosrochnogo 
prognozirovaniya  I  organizatsii  problemnykh  issledovaniy  (na 
primere  biokibernetiki)  (Cybernetic  methods  of  long-term  forecasting 
and  the  organization  of  problem  research  (using  biocybernetics  as  an 
example)).  Report  at  the  Scientific  Symposium  of  the  CMEA  on 
"Control,  planning,  and  organization  of  scientific  and  technological 
research,  M. ,  i960. 

111.  Kedrov,  B.  Puti  poznaniya  istiny.  Razdum'ya  o  sud'bakh 
yestestvoznaniya  (Paths  to  knowledge  of  the  truth.  Thoughts  on  the 
fate  of  natural  science),  Novyy  mir,  1965,  No.  1. 

112.  Vavilov,  S.  I.  Staraya  i  novaya  fizika  (Old  and  new  physics), 
(From  the  coll.:  Pamyati  Karla  Marksa  (  Memoirs  of  Karl  Marx),  1933), 

*  Cited  in  the  coll.:  Istoriya  i  metodologiya  yestestvennykh  nauk 
(History  and  methodolgy  of  the  natural  sciences),  Vol.  Ill,  M., 

MOU,  1965,  pp.  3-4. 


113.  Sherwin,  Ch.  W.  How  do  weapon  systems  get  born?  -  project 
Hlndsifcht  seeks  answer,  Armed  Forces  Management,  1966,  Vol.  12,  No.  9 
p.  155,  118;  Chemical  and  Engineering  News,  1966,  Vol.  44,  No.  39,  p. 


42. 


223 


114.  Isenson,  R. ,  et  al.  Project  Hindsight,  First  Interim  Report, 
Springfield,  Clearinghouse  for  Federal  Scientific  and  Technical 
Literature,  1966. 

115.  Gabor,  D.  Inventing  the  future,  London,  Pelican,  1964. 

116.  Kahn,  H. ,  and  A.  J.  Wiener.  The  year  2000,  London, 

Macmillan,  1967. 

117.  Primeneniye  elektronno-vychislitel 'nykh  ustroystv  v 
issledovaniyakh  po  istorii  nauki  1  tekhniki  (The  application  of 
electronic  computers  in  research  on  the  history  of  science  and 
technology),  M.,  Nauka,  1966. 

118.  Pervyy  rabochiy  simpozium  po  voprosara  primeneniya  koliche- 
rtvennykh  metodov  i  ispol’zovaniya  vyehislitel'noy  tekhniki  v 
issledovaniyakh  po  istorii  nauchno-tekhnlcheskcgo  progressa  (First 
working  symposium  on  problems  of  the  application  of  quantitative 
methods  and  the  use  of  computer  technology  in  research  on  the  history 
of  scientific  and  technological  progress).  Collection  of  materials, 
Kiyev,  Naukova  duraka,  1966. 

119.  Tematlcheskiy  patentno-informatsionnyy  polsk  (razdel 
"Prognozirovaniye  nauchno-tekhnicheskogo  progressa")  (Patent 
information  search  by  subject  matter  (section  "Forecasting  scientific 
and  technological  progress")),  M.,  TsNIIPI,  1967. 

120.  Voprosy  nauchnogo  prognozlrovaniya  (avtoreferaty  dokladov 
nauchnogo  simpoziuma)  (Problems  in  scientific  forecasting  (authors' 
abstracts  of  reports  at  the  scientific  symposium)),  Izd,  Koordi- 
natslonnogo  komiteta  po  prognozirovaniyu  nauchno-tekhnicheskogo 
progressa  i  yego  sotsial'nykh  posledstviy,  M.,  1968. 

121.  Gmoshinskiy,  V.  G.  Otsenka  inzhenerno-tekhnicheskoy 
znachimosti  1  rentabel'nostl  lzobretenly  (Evaluation  of  engineering 
and  technological  significance  and  profitability  of  inventions), 

Voprosy  izobretatel'stva,  1966,  No.  7,  pp.  18-21. 

122.  Hulma,  E.  W.  Statistical  bibliography  in  relation  to 
growth  of  modern  civilization,  London,  1923. 

123.  Bradford,  S.  C.  Sources  of  information  on  specific  subjects. 
Engineering,  1934 ,  Vol.  137,  No.  3550,  pp.  85-90. 

124.  Karpov,  M.  M. ,  A.  V.  Potemkin,  and  M.  K.  Petrov.  Natsio- 
nal'nyy  i  mirovoy  standarty  raspredelenlya  nauchnoy  deyatel'nosti 
(National  and  world  standards  of  the  distribution  of  scientific 
activity).  In  the  coll.:  Vsesoyuznoye  soveshchaniye  po  kolichestvennym 
metodam  v  sotsiologii.  Materialy  sektsii  kolichestvennykh  metodov 
izucheniya  razvitiya  nauki  (All-Union  Conference  on  Quantitative 
Methods  of  Sociology.  Materials  of  the  section  of  quantitative  methods 
of  the  study  of  the  development  of  science),  M. ,  1967,  pp.  23-27. 

125.  Barinova,  Z.  B. ,  et  al.  Izucheniye  nauchnykh  zhurnalov  kak 
kanalov  svyazl.  Otsenka  vklada  otdel'nykh  stran  v  mirovoy  nauchnyy 


224 


informatsionnyy  potok  (Study  of  scientific  Journals  as  channels  of 
communication.  Evaluation  of  the  contribution  of  individual  countries 
to  the  world  flow  of  scientific  information),  Nauchno-tekhnicheskaya 
informatsiya,  1967,  No.  12,  Series  2,  p.  3. 

126.  Nalimov,  V.  V.,  Yu.  P.  Adler,  and  Yu.  V.  Granovskiy. 
Informatsionnaya  sistema  po  matematicheskoy  teorii  eksperimenta 
(Information  system  on  the  mathematical  theory  of  experimentation). 

In  the  coll.:  Kibernetika  i  dokumentalistika  (Cybernetics  and  the 
documentalist) ,  M. ,  Nauka,  1966. 

127.  Garfield,  E.  Citation  Indexes  for  science:  a  new  dimension 
in  documentation  through  association  of  ideas.  Science,  1955, 

p.  289,  202. 

128.  Dobrov,  G.  M.,  and  A.  A.  Korennoy.  Informatsionnaya  baza 
naukometrii  (Data  base  for  scientific  metrology).  In  the  coll.: 
Teoreticheskiye  problemy  informatiki  (Theoretical  problems  in  the 
field  of  Information),  M. ,  VINITI,  1968,  pp.  174-202. 

129.  Nalimov,  V.  V.,  and  Z.  M.  Mul'chenko.  Ob  ispol' zovanil 
statisticheskikh  metodov  pri  upravlenii  razvltiyem  nauki  (On  the  use 
of  statistical  methods  during  control  of  the  development  of  science) , 
Doklad  na  nauchnom  simpozlume  SEV  "Upravleniye ,  planirovanlye  i 
organizatsiya  nauchnykh  i  tekhnicheskikh  issledovaniy ,"  M. ,  1968. 

130.  Kasper,  E.  Prognosemoglichkeiten  auf  dem  Geblet  der 
technischen  Entwicklung  (Feasibility  of  forecasting  in  the  field  of 
technological  development).  In:  Wirtschaftsprognose  in  der  tech¬ 
nischen  Revolution  (Industrial  forecasting  in  the  technological 
revolution),  Berlin,  Die  Wirtschaft,  1967,  pp.  242-265. 

131.  Bride,  F.  Iron  and  steel  engineering,  1966,  Vol.  43,  No.  1, 
pp.  109-111. 

132.  Kozachkov,  L.  S.,  L.  A.  Khurskin,  and  N.  Z.  Shor.  Koli- 
chestvennyy  analiz  nekotorykh  tendentsiy  v  razvitii  issledovaniya 
operatsiy  i  matematicheskoy  ekonomlkl  (Quantitative  analysis  of 
certain  trends  in  the  development  of  operations  research  and 
mathematical  economics),  Kibernetika,  Klyev,  1967,  No.  5,  pp.  102-108. 

133.  0  krivykh  rosta  v  nauke  (Growth  curves  in  science),  Materials 
of  a  discussion  carried  out  by  the  Department  of  Complex  Problems  of 
the  Study  of  Science  and  Information  of  the  Institute  of  Mathematics, 
Ukrainian  Academy  of  Sciences,  Kiyev,  1968. 

134.  Shrauber,  G.  0  roste  nauchno-tekhnicheskikh  parametrov  s 
tochki  zreniya  prognozirovaniya  (The  growth  of  scientific  and  technolog¬ 
ical  parameters  from  the  point  of  view  of  forecasting).  In  the  coll.: 
Materialy  soveshchaniya  spetsialistov  stran  -  chlenov  SEV  1  SFRYu  po 
obmenu  opytom  pri  sostavlenii  nauchno-tekhnicheskikh  prognozov, 

Praga,  1967,  pp.  41-65. 

135.  Fenek,  Ya.  Osnovnyye  printsipy  operezhayushchey  standartiza- 
tsii  produktov  mashinostroyeniya  (kandidatskaya  dissertatsiya) 


225 


(Basic  principles  of  the  advanced  standardization  of  products  of 
machine  building  (candidate  dissertation)),  M. ,  Vsesoyuznyy  nauchno- 
issledovatel'skiy  institut  standartizatsii,  I960. 

- •  ZzzY.,  'A.  Z.  Planning  assistance  through  technical 
evaluation  zi  relevance  numbers,  Proceedings  of  the  17th  National 
Aerospace  Electronics  Conference  (1965),  N.  Y.,  1965,  pp.  346-351. 

137.  Lopukhin,  M.  M.  Metodika  PATTERN  dlya  planirovaniya 
nauchno-issledovatel ' skikh  rabot  (The  PATTERN  procedure  for  planning 
scientific  research  work);  also  Primeneniye  metodiki  PATTERN  dlya 
planirovaniya  deyatel'nosti  NASA  (Application  of  the  PATTERN 
procedure  for  planning  NASA  activity).  In  the  coll.:  Materlaly  k 
simpoziumu  "Issledovaniye  operatsiy  i  analiz  razvitiya  nauki.  Oh.  1. 
Metody  analiza  razvitiya  nauki,"  M. ,  1967 . 

138.  Abt .  Associates  Inc.,  Great  world  issues  of  1980,  Cambridge. 

Ar»r*  1  1  O K C  •  0  * 


139.  Research,  development,  and  technological  innovation. 

J.  R.  Bright  (Ed.),  Homewood,  1964. 

140.  Cetron,  M.  J.  QUEST  status  report,  IEEE  transactions  of 
engineering  management,  1967,  Vol.  EM-14,  No.  2,  pp.  51-62. 

141.  Cetron,  M. ,  S.  Martino,  and  L.  Roepcke.  The  selection  of  R 
and  D  program  content-Survey  of  quantitative  method,  IEEE  trans¬ 
actions  on  engineering  management,  1967,  Vol.  EM-14,  No.  1,  pp.  4-13. 

142.  Operations  research  in  research  and  development,  B.  V.  Dean 
(Ed.),  N.  Y.,  John  Wiley,  1963. 

143.  Battereby,  A.  Mathematics  in  management,  London,  Penquin 

Books,  1966.  H 

144.  Kotler,  P.  Marketing  mix  decisions  for  new  products. 

Journal  of  marketing  research,  1964,  Vol.  1,  No.  1. 

145.  Charnes,  A.,  and  A.  C.  Steadry.  A  change-constrained  model 
for  real-time  control  in  research  and  development  management. 
Management  science,  1966,  Vol.  12,  No.  3. 

146.  Landsberg,  0.  Q. ,  L.  L.  Fishman,  and  J.  L.'  Fisher* 

Resursy  SShA  v  budushchem  (Resources  of  the  USA  in  the  future), 

Vol.  I,  II,  Translated  from  the  English,  M. ,  Progress,  1965. 

147.  Merill ,  R.  L.  The  secret  of  research  management  -  Knowing 
when  to  stop.  Proceeding  National  Electronic  Conference,  Chicago,  1964. 
Vol.  20,  p.  867. 

148.  Zaytsev,  B.  0  kriteriyakh  vybora  1  otsenki  nauchno- 
issledovatel'  skikh  i  opytno-konstruktorskikh  rabot  (Criteria  for 
selection  and  evaluation  of  scientific  research  and  experimental 
design  work),  Doklad  na  nauchnom  simpoziume  SEV  "Upravleniye , 
planirovaniye  i  organizatsiya  nauchnykh  i  tekhnicheskikh  issledovaniy , 
M.  ,  i960 . 


FTD-MT- 24-358-70 


226 


149.  Hart,  A.  A  chart  for  evaluating  product  research  and 
development  projects,  Operation  Research  Quarterly,  1966,  Vol.  4, 

No.  17,  pp.  3^7-358. 

150.  Kiefer,  D.  M.  Winds  of  change  in  industrial  chemical 
research.  Chemical  and  Engineering  News,  196*1,  Vol.  42,  23  March, 
pp.  88-109. 

151.  Disraan,  S.  Selecting R  and  D  projects  for  profit.  Chemical 
Engineering,  1962,  Vol.  26,  No.  69,  pp.  87-90. 

152.  Zeyler,  R.  Povysheniye  effektivnosti  issledovaniy  1 
razrabotok  (increasing  the  effectiveness  of  research  and  development). 
Translated  from  the  English,  M.,  Progress,  1967. 

153.  Trapeznikov,  V.  A.  Avtomaticheskoye  upravleniye  i  yego 
ekonomicheskaya  effektivnost'  (Automatic  control  and  its  economic 
effectiveness),  Avtoraatika  i  telemekhanika,  1966,  1. 

15**.  Kurakov,  I.  Q.  Prognozirovaniye  nauchno-tekhnicheskogo 
progressa  (Forecasting  scientific  and  technological  progress), 

Voprosy  filosofin,  1968,  No.  10,  pp.  21-35. 

155.  Weinberg,  A.  M.  Reflection  on  big  science.  The  M.  T.  Press, 

1967. 

156.  Dobrov,  Q.  M.  0  predvidenil  razvitiya  nauki  (On  predicting 
the  development  of  science),  Voprosy  filosofii,  1964,  No.  10,  pp. 
71-82. 

157.  Vsesoyuznoye  soveshchaniye  nauchnykh  rabotnikov  ♦  Kremle 
(All-Union  Conference  of  Scientific  Workers  in  the  Kremlin),  12-14 
June  1961  (stenographic  record,  materials),  M. ,  1961. 

158.  Bernal,  0.  Dvadteat'  pyat'  let  Bpustya  (Twenty-five  years 
later).  In  the  coll.:  Nauka  0  nauke  (The  science  of  science). 
Translated  from  the  English,  M.,  Progress,  1966,  p.  274. 

159.  Kuznetsov,  B.  G.  Flzika  vysokikh  energiy  i  narodno- 
khozyaystvennyye  prognozy.  Doklad  na  nauchnoy  sessil  "Metodologi- 
chesklye  problemy  dolgosrochnogo  ekonomicheskogo  prognozirovaniya" 
(High-energy  physics  and  forecasts  of  the  national  economy.  Report 
at  the  scientific  session  "Methodological  problems  of  long-term 
economic  forecasting"),  M. ,  1966. 

160.  Freeman,  Cr.  Research  and  development  in  electronic 
capital  goods.  National  institute  economic  review,  1965,  No.  3**. 
p.  40-97. 

161.  Dobrov,  0.  M.  Scientific  potential  as  an  object  of 
investigation  and  control  in  the  Soviet  Union.  CIBA  Foundation  and 
SSF  Symposium  on  decision  making  in  national  science  policy,  London, 

1968. 

162.  Man  and  his  future,  Q.  Wolstenholme  (Ed.),  CIBA  Foundation, 
L.  Churchill  Ltd.,  1963. 


FTD-MT-2 4-358-70 


227 


163*  Arabadzhev,  A.  M. ,  et  al.  Prognozlrovanlye  tekhnicheskogo 
progressa  prl  perspektivnom  planirovanii  razvltlya  gornykh  rabot  na 
ugol'nykh  shakhtakh  (Forecasting  technological  progress  with 
prospective  planning  of  the  development  of  mining  operations  in  coal 
mines).  In  the  coll.:  Analiz  tendentsiy  i  prognozirovaniye  nauchno- 
tekhnicheskogo  progressa  (Analysis  of  trends  and  forecasting  of 
scientific  and  technological  progress),  Xiyev,  Naukova  dumka,  1967, 
pp.  1^1-148. 

164.  Lapin,  B.  A.  Ob  odnora  metode  otsenkl  effektlvnostl 
perspektivnogo  razvltlya  nauki.  Doklad  na  nauchnom  slmpozlume  SEV  po 
probleme  "Upravleniye,  planirovanlye  i  organlzatslya  nauchnykh  i 
tekhnicheskikh  issledovaniy”  (One  method  of  evaluating  the  effective¬ 
ness  of  a  prospective  developjaent  of  science.  Report  at  the  scientific 
symposium  of  the  CMEA  oh  the  problem  "Control,  planning,  and  organiza¬ 
tion  of  scientific  and  technical  research"),  M. ,  1968. 

165.  Shkurba,  V.  V.,  N.  I.  Ivanov,  and  A.  M.  Arabadzhev.  Posle- 
dovatel'nyy  metod  resheniya  zadach  perspektivnogo  planlrovaniya 
razvltlya  gornykh  rabot  na  ugol'nykh  shakhtakh  (Successive  method  of 
solving  problems  of  prospective  planning  of  the  development  of  mining 
operations  in  coal  mines),  Klbernetlka,  1966,  No.  5,  pp.  99-102. 

166.  Weiss,  H.  K.  The  relation  of  proposal  effort  to  sales.  In: 
Operations  research  in  research  and  development,  N.  Y.,  1963, 

pp.  212-238. 

167.  Buell,  C.  K.  When  to  terminate  a  research  and  development 
project.  Research  management,  1967,  Vol.  10,  No.  4,  pp.  275,  184. 

168.  Nalimov,  V.  V.,  and  Z.  M.  Miil'chenko.  Naukometriya 
(The  metrology  of  science),  M.,  Nauka,  1969. 

169.  Yampol ' skiy ,  S.  M. ,  F.  M.  Khilyuk,  and  V.  A.  Lisichkin. 
Problemy  nauchno-tekhnicheskogo  prognozirovaniya  (Problems  in 
scientific  and  technological  forecasting),  M. ,  Ekonomlka,  1969. 

170.  Bashin,  M.  L.  Flanirovaniye  nauchno-issledovatel'skikh  i 
opytno-konstruktorsklkh  rabot  (Planning  scientific  research  and 
experimental  design  work),  M.,  Ekonomlka,  1969. 


FTD-MT-24-358-70 


228 


